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ABNO   9-azabicyclo[3.3.1]nonane N-oxyl 
AcOEt   ethyl acetate 
AIBN   azobisisobutyronitrile 
Anal.   analysis 
aq.   aqueous  
ax   axial 




AZADOH  N-hydroxy-2- azaadamantane 
Bn   benzyl 
Boc   tertiary-butoxycarbonyl 
bpy   2,2’-bipyridyl 
br.   broad 
Bu   butyl 
Bz   benzoyl 
ca.   circa 
cat.   catalytic amount  
Calcd.   calculated value 
Cbz   benzyloxycarbonyl 
Cp   cyclopentadienyl 
CV   cyclic voltammetry 
d   doublet 
DDQ   2,3-dichloro-5,6-dicyano-para-benzoquinone 
DFT   density functional theory 
DMAP   N,N-dimethyl-4-aminopyridine 
DMDO   dimethyldioxirane 
DMF   dimethylformamide 
DMSO   dimethylsulfoxide 
DMN-AZADO  1,5-dimethyl-9-azanoradamantane N-oxyl 
DMN-AZADO
+
  1,5-dimethyl-N-oxo-9-azanoradamantanium 
DMN-AZADOH  N-hydroxy-9-azanoradamantane 
DMP   Dess-Martin periodinane 
DIBAL   diisobutylaluminium hydride 
DIPT   diisopropyl tartrate 
DIPEA   N,N-diisopropylethylamine 
DTBMP  2,6-di-tertiary-butyl-4-methylpyridine 
E factor   environmental factor 
eq.   equivalent 
Et   ethyl 
Et3N   triethylamine 
Et2O   diethyl ether 
FAB   fast atom bombardment 
h   hour 
HMPA   hexamethylphosphoric triamide 
HRMS   high resolution mass spectrometry 
Hz   hertz 
IBX   2-iodoxybenzoic acid 
IR   infrared spectroscopy 
J   coupling constant 
i   iso 
LAH   lithium aluminium hydride 
LDA   lithium diisopropylamide 
liq.   liquid 
m   multiplet 
m   meta 
mCPBA   meta-chloroperoxybenzoic acid 
Me   methyl 
MeCN   acetonitrile 
min   minute(s) 
mol   mole(s) 
m.p.   melting point 
MS   mass spectrometry 
m/z   mass to charge ratio 
n   normal 
NCS   N-chlorosuccinimide 
NHI   N-hydroxyindole 
NMI   N-methylimidazole 
NMO   N-methylmorpholine N-oxide 
NMR   nuclear magnetic resonance 
Nor-AZADO  9-azanoradamantane N-oxyl 
[O]   oxidation 
p   para 
PCC   pyridinium chlorochromate 
Pd/C   palladium on charcoal 
Ph   phenyl 
pH   potential hydrogen 
Phth   phthaloyl 
PPTS   pyridinium para-toluenesulfonate 
Pr   propyl 
q   quartet 
quint   quintet 
ref.   reference 
rt   room temperature 
s   singlet 
sat.   saturated 
sext   sextet 
sept   septet 
SM   starting material 
t   triplet 
t   tertiary 
TBA   normal-tetrabutylammonium 
TBAB   normal-tetrabutylammonium bromide 
TBAC   normal-tetrabutylammonium chloride 
TBAF   normal-tetrabutylammonium fluoride 
TBHP   tertiary-butyl hydroperoxide 
TBS   tertiary-butyldimethylsilyl 
TCCA   trichloroisocyanuric acid 
TEMPO   2,2,6,6-tetramethylpiperidine N-oxyl 
TEMPO
+
  N-oxo-2,2,6,6-tetramethylpiperidinium 
TFA   trifluoroacetic acid 
THF   tetrahydrofuran 
TIPS   triisopropylsilyl 
TLC   thin layer chromatography 
TPAP   tetrapropylammonium perruthenate 
Tf   trifluoromethanesulfonyl 
Ts   para-toluenesulfonyl 
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程数が多いことから，目的生成物量 (product) に対する副生成物(の総)量 (waste) 












































されることで TEMPO (5) が再生し，触媒サイクルが完成する．一般的にニトロ
キシルラジカル α 位の水素原子を持つ場合は安定に存在できず，ヒドロキシル
アミン (9) とニトロン (10) に不均化することが知られているため，TEMPOの
















2-azaadamantane N-oxyl (14，以下 AZADO と略す)，1-Me-AZADO (15) とアザビ
シクロ型ニトロキシルラジカルである 9-azabicyclo[3.3.1]nonane N-oxyl (16, 以下，







(Figure 0-2, Table 0-2)．さらに，AZADO (14) がその堅牢なアザアダマンタン骨
格に基づく優れた安定性によって，TEMPO や ABNO (16) に比べ優れた触媒効








続いて触媒の構造活性相関研究を行い，ABNO (16) や AZADO (14)，
1-Me-AZADO (15) は第二級アルコールを容易に酸化できるが，ニトロキシルラ
ジ カ ル α 位 に メ チ ル 基 を 2 つ 有 す る 1,5-dimethyl-ABNO (25) や 
1,3-dimethyl-AZADO (26) は TEMPO (5) と同様に立体障害の大きい第二級アル
コールを酸化できないという知見を得ていた  (Table 0-3)．11a, 11c 最近では
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AZADO よりもさらに高活性なアルコール酸化能を示す 9-azanoradamantane 
N-oxyl (29，以下 Nor-AZADOと略す) が開発され，0.003 mol%という低触媒量









































これまでに，MnO2，cat. Pd(OAc)2 / O2，cat. DDQ / Mn(OAc)3などを用いること
で，アリル位，ベンジル位アルコールが選択的に酸化される反応が報告されて
いる．14 これらの中でも特に，MnO2は官能基共存性に優れており，古くより天
然物合成において多用されてきた (Scheme 0-7)．14a, 14d また，cat. TEMPO / cat. 
copper / O2 がアリル位の第二級アルコール存在下にアリル位の第一級アルコー
ルを選択的に酸化する手法として，天然物合成に数例が報告されている 
(Scheme 0-8)．15 最近では，奈良坂らは，cat. copper / O2と TEMPOの代わりに
N-ヒドロキシインドール (NHI) を用いるアリル位，ベンジル位アルコール選択
















ン触媒 / H2O2，DMDO (ジメチルジオキシラン)，IBXなどの第二級アルコール
選択性を示す酸化手法が古くから見出されており (Scheme 0-10)，17 数種の手法










移金属を用いた報告例がある (Scheme 0-12)．19 しかし，先述したように医薬品
や天然物合成においては TEMPO を触媒とする反応が，優れた反応性と官能基


































得ていた (Table 0-3, Figure 0-3)．しかし，1,5-dimethyl-ABNOは母骨格であるア
ザビシクロ環の酸化反応条件下での安定性が懸念され (Scheme 0-5)，11c また






有する Nor-AZADOに着目し，そのニトロキシルラジカル α位を 2つのメチル基
で修飾した 1,5-dimethyl-9-azanoradamantane N-oxyl (66, 以下 DMN-AZADO と略
す) を第一級アルコール選択的酸化触媒として新たにデザインした (Figure 0-3)．
Table 0-3 の結果から，第一級アルコール選択性の発現にはニトロキシルラジカ
ル部に隣接するα炭素が2つとも 4級であることが必要条件であると推察した．
そのため，DMN-AZADO は TEMPO と同様に第一級アルコール選択性を発現す




を用いて酸化活性部位の大きさを TEMPO と比較した (Figure 0-4)．22 TEMPO+
では∠C3-C2-Meax (∠C5-C6-Meax) = 112.6°であり，DMN-AZADO
+では∠
























1) DMN-AZADO の合成 
DMN-AZADOの合成は 1,5-dimethyl-ABNO (25) と Nor-AZADO (29) の合成ル
ートを参考にした (Scheme 0-15)．11c, 12 すなわち，1,5-dimethyl-ABNOの合成ル
ートに倣い，ルチジン (69) からN-Bocビシクロアミン 72へ変換し，Nor-AZADO
の合成法のように N-Bnビシクロアミン 76からトシルヒドラゾン 77を経る閉環















 特に NaOCl と PhI(OAc)2の使用例が数多く報告さ
れている  (Scheme 0-17)．最近では Stahl らによって Cu(I)， bipyridyl，
N-methylimidazole 共存下に常温常圧，空気雰囲気下で進行する反応条件が報告
されている (Scheme 0-18)．25 入手容易な NaOCl を共酸化剤に用いる方法は
Anelli らによって報告された．24c, 24d NaOCl は安全，安価であり，反応で生じる
廃棄物は NaClであるため，クリーンな酸化反応プロセスを実現できる．さらに
0 °C，短時間で反応が進行するため，有用性が高く大量スケールの反応に適して
いる．また，多くの場合 1 mol% 以下の TEMPO触媒を用いることで反応が完結
する．以上の利点から医薬品のバルク合成では NaOCl がしばしば選択される．
これに対し，PhI(OAc)2を共酸化剤に用いる方法は Margaritaらによって報告され
た．24g NaOCl に比べ PhI(OAc)2は高価であり，ヨードベンゼンを廃棄物として































有用な反応である．これまでに KMnO4，RuO4，Cr(III)，cat. TEMPO (NaOCl，
PhI(OAc)2，TCCA，cat. NaOCl / NaClO2) などの数種の手法が報告されてきた 
(Scheme 0-20)．24c, 26 その中でも TEMPO 触媒を用いる手法が重金属を用いない
ため，環境調和性の観点から注目を集めている．特にMerck 社の Zhao らによっ












NaOCl によって酸化され，活性種であるオキソアンモニウム塩 6 が生成する．
これがアルコールを酸化しアルデヒドとヒドロキシルアミン 7 を生成した後，
NaClO2 によってアルデヒドがさらに酸化されカルボン酸を与える．この時同時




















本反応条件への適用に加えて当研究室で見出された NaOClを用いない cat. オ





















ルの 5員環，6員環ラクトン合成への適用が良く知られている．29a, 29b 最近では，
不破らによって 1,6-ジオール，1,7-ジオールの酸化的 7 員環，8 員環ラクトン合












5) Practical DMN-AZADO の実用性 
 有用な触媒の安定供給には，その合成法がより簡便であることが望まれる．
確立した DMN-AZADO (66) の合成法には合成中間体 110 から分離困難な副生
成物 111 を除去するために，一工程の実験操作を要していた (Scheme 0-27)．し
かし，この分離操作を行わないことで混入する 1,5-dimethyl-ABNO (25) は，第
一級アルコール選択性という観点においてDMN-AZADOと大きな差がないと考




待できる．そこで，副生成物を除去して合成した DMN-AZADO (66) とそれを除







 第一章の検討過程において，cat. TEMPO / cat. NaOCl / NaClO2を用いる第一級
アルコールのカルボン酸への酸化反応条件下，1,2-ジオール 112が酸化的に開裂




















最近，cat. TPAP / NMOや，塩基 / t-BuOOHまたは分子状酸素を用いるビシナ
ルジオールの酸化的開裂反応が報告されている (Scheme 0-30)．31 しかし，前者
27 
 








と，Massanet らによって cat. TEMPO / cat. NaOCl / NaClO2を用いる同様の反応条
件下にスチレンとアリルベンゼン由来のジオールが開裂するという報告がされ















第一章 有機ニトロキシルラジカル型第一級アルコール選択的酸化触媒   
DMN-AZADOの開発 
 
第一節 DMN-AZADO の合成 
本節では第一級アルコール選択的酸化触媒として設計した，新規有機ニトロ
キシルラジカル DMN-AZADO の合成について述べる．DMN-AZADO の合成計
画は Scheme 1-1 に示した 1,5-dimethyl-ABNO (25) と Nor-AZADO (29) の合成ル
ートを参考にして立案した．すなわち，アザビシクロノナン 72 を鍵中間体と
位置付け，これよりトシルヒドラゾン 79 に導き Bamford-Stevens条件下にカル
ベンを発生させて C-H挿入反応を惹起し，アザノルアダマンタン骨格を構築後，
23






Scheme 1-2 の計画に基づき DMN-AZADO 合成を検討した．始めに
1,5-dimethyl-ABNO (25) の合成に倣って，容易に入手可能な 2,6-lutidine (69) 
(18.4 g, 172 mmol) をBirch還元 (Na 13.0 g, NH3 440 mL, EtOH 30 mL) すること





glutaryl chloride (129) のメチル化によってジケトン 70 を合成する方法が再現
性に優れていることが確認できた．33 すなわち，glutaryl chloride (129) (25 mL, 
196 mmol) とN,O-dimethylhydroxylamine hydrochloride (47.8 g, 490 mmol) を縮合
して Weinreb amideとし，このものに対してMeMgBr (160 mL, 470 mmol) を反応









を sealed tube 中で作用させることによって，ダブル Mannich 反応の進行したビ
シクロアミン 71 を 37%で合成していた (Scheme 1-5)．しかし，sealed tube は反
応容器の大きさが制限されることから，スケールアップの障害となっていた．
この sealed tube は生成物に組み込まれる塩化アンモニウム由来のアンモニアを
反応系内に留めておく目的で使用していたため，本反応には必須であった．実







フラスコを用いて過剰量の NH4OAc (25 eq.) を使用したところ，ビシクロアミ
ン 71 の収率は 19%まで向上した (Table 1-1，entry 1)．続いてアセトンジカルボ
ン酸の当量や溶媒，反応温度についても精査し，収率の向上と反応時間の短縮
に成功した (entries 2, 3)．最終的に，収率に未だ改善の余地を残すものの，80 °C
酢酸溶媒中にジケトン (5.07 g, 39.6 mmol) とアセトンジカルボン酸，酢酸アン






アザビシクロアミン 71 (7.71g, 46.1 mmol) の Boc化は，トリホスゲン (4.97g, 
18.4 mmol) との反応によってカルバミン酸クロリドに変換した後に，t-BuOH 
(8.75 mL, 92.2 mmol) を添加する方法を用いた．しかし，Boc保護体 72 の収率
は 20% (2.48g, 9.28 mmol) であり，59%の原料 71 (4.55g, 27.2 mmol) が回収され
た (Table 1-2，entry 1)．このように保護基の導入が困難である要因として，二級
アミンが α 位炭素に結合する二つのメチル基によって立体的に遮蔽されている
ためであると考察した．保護基導入の収率を改善するため，Cbz基と Bn基につ
いても検討を行った．CH2Cl2溶媒中 CbzCl と Et3Nを用いる条件に付したが目的
33 
 
の Cbz 保護体は，痕跡量しか得られなかった (entry 2)．そこで，トリホスゲン
を加えて生成したカルバミン酸クロリドに BnOH を加える方法を適用したが，
Cbz 保護体の収率は 25%であり改善は見られなかった (entry 3)．Bn化反応の検
討において，BnBr と NaI を用いて高活性な BnI を反応系内で生成する条件に付
したが，36%と収率の大幅な改善には至らなかった (entry 4)．そこで，別途調製
した BnI を直接用いたところ，34 アザビシクロケトン 71 (1.06 g, 6.34 mmol) か
ら Bn 保護体 131 (1.40 g, 5.45 mmol) を収率 86%で得られることを見出した 
(entry 5)．なお，本反応は sealed tube を用いることで，反応時間を短縮すること




続いて Nor-AZADO合成 (Scheme 0-15) を参考に，Dean-Stark 装置を用いてベ
ンジルアミン 131 (5.46 g, 21.2 mmol) と TsNHNH2 (9.48 g, 50.9 mmol) を benzene
中 9 h 加熱還流することによって，トシルヒドラゾン 132 (6.93 g, 16.3 mmol, 
77%) へと誘導した．132 からのカルベンの形成に続く C-H 挿入反応 23 を期待
34 
 
して，ヒドラゾン 132 (2.50 g, 5.87 mmol) の DMF溶液に NaH を加え加熱還流し
たところ，N-Bn アザノルアダマンタン 110 と共に N-Bn アザビシクロ[3.3.1]ノ






物 (110 + 111) に直接，Bn基を脱保護した後に生じる第二級アミンを酸化して
もなお，生成する DMN-AZADO との分離は困難であった．そのため，混合物 (110 
+ 111) (1.93 g, 8.00 mmol) に対しBH3·Me2Sを用いてヒドロホウ素化を行い，H2O2
によって酸化した後にカラム精製することで，N-Bn アザノルアダマンタン 110 
(1.60 g, 6.63 mmol, 83%) を大きく損なうことなく単離精製することに成功した 
(Scheme 1-8)． 
最後に H2 / Pd(OH)2によって N-Bnアザノルアダマンタン 110 の Bn基を脱保
護した後，粗生成物に urea·H2O2 を作用させ酸化を行った．その結果， 
DMN-AZADO を 2 工程収率 50%で DMN-AZADOH を 2 工程収率 13%で得た 









新規に合成した DMN-AZADO の電気化学的性質を調べる目的で，CV の測定
を行い酸化還元電位 Eo’を算出した．CVの測定は Kashiwagi らの条件に準じ，35 
作用電極としてグラッシーカーボンディスク電極，参照電極として Ag / AgCl 電
極及び対極として Pt 線を用いた 3 電極方式により行った．CV 測定の結果，
DMN-AZADO は他の AZADO 類と同様に可逆的な酸化還元ピーク対を与え，繰
り返し掃引を行ってもピークの減少は見られなかった (Figure 1-1)．Table 1-3に
CV より算出した各ニトロキシルラジカルの酸化還元ポテンシャルの値を示し
た．DMN-AZADO (+144 mV) は 1,3-dimethyl-AZADO (+136 mV) よりもわずかに
高い値を示した．Nor-AZADO (+266 mV) が AZADO (+248 mV) よりもわずかに
高い値を示すことから，アザノルアダマンタン骨格がアザアダマンタン骨格の
ものよりも酸化還元ポテンシャルの値が大きいという点で相関がある．また，
AZADO (+248 mV) と 1,3-dimethyl-AZADO (+136 mV) の酸化還元ポテンシャル
36 
 
の差と Nor-AZADO (+266 mV) と DMN-AZADO (+144 mV) の酸化還元ポテンシ
ャルの差が 110 mV～120 mV であり，アザアダマンタン類のニトロキシルラジ
カル α 位の 2 つのメチル基による酸化還元ポテンシャルの減少の程度がほぼ一
定であることが分かった．  
 
















4-Phenyl-1-butanol (89) を基質として CH2Cl2-NaHCO3水溶液中，共酸化剤として
1.2 当量の NaOCl，10 mol%の KBr，5 mol%の Bu4NBr を用いる反応条件を適用
し，24c, 24d 用いるニトロキシルラジカル触媒の量を変動させて，その活性を比較
した (Table 1-4)．その結果，触媒として TEMPOを用いた場合，触媒量 1 mol%
では円滑に酸化が進行しアルデヒド 90 を高収率で与えたものの，用いる触媒
量の減少に伴いアルデヒドの収率が低下し原料が一部回収された．一方，











いて，1 mol%のニトロキシルラジカル触媒，10 mol%の KBr，5 mol%の Bu4NBr
を用いる反応条件下，NaOCl の量に対する選択性への影響について TEMPO と
1-Me-AZADOを用い，比較検討した (Table 1-5)．TEMPOでは第一級アルコール
選択的な酸化が進行したが，用いる NaOCl の量に関係なく反応が途中で停止し，
約 70%の収率でヒドロキシアルデヒド 135a が得られ，原料が 20%程度回収さ
れた．そのため本基質の酸化において TEMPO 1 mol%では反応が完結する前に
TEMPO触媒が失活していることが示唆された．1-Me-AZADOでは NaOCl を 1.1
当量に制限すると，興味深いことに高い第一級アルコール選択性が見られた．
一方，NaOCl 量の増加に伴い第二級アルコールの酸化も進行したケトアルデヒ








べてヒドロキシカルボン酸 136a が多く生成した．以上のように DMN-AZADO
が TEMPO よりも優れた触媒活性と高い第一級アルコール選択性を有する触媒
であることを示す結果を得た． 
次に 2,2,4-trimethyl-1,3-pentanediol (134a) よりも複雑な基質としてトリテルペ




性を比較検討した (Table 1-6)．CH2Cl2中 10 mol%のニトロキシルラジカル，1.5 
当量の PhI(OAc)2，室温条件下で行ったところ，TEMPO では反応が途中で停止
してヒドロキシアルデヒド 135b の収率は 56%であった (entry 1)．反応時間を
延長したところ，ヒドロキシアルデヒド 135b の分解が観察された．Nor-AZADO
や AZADO，1-Me-AZADO は酸化反応が円滑に進行したものの，短時間で第二








Dess-Martin試薬 36 は極めて選択性が低く混合物を与えた (entry 6)．一方，以上
の反応条件と異なりDMN-AZADOを用いると円滑に第一級アルコール選択的な
酸化反応が進行し，収率 96%でヒドロキシアルデヒド 135b が得られ，ケトア
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ルデヒド 137b が 2%の収率で得られた (entry 7)．基質に対して溶媒を 1 M から
0.2 M に希釈することで選択性が向上し，ケトアルデヒドの生成が抑制された 
(entry 8)．これは希釈することでジオール 134b がより多く溶解した為であると
考察した．なぜなら，ジオール 134b はヒドロキシアルデヒド 135b に比べ
CH2Cl2 への溶解性が極めて低く，反応開始時点では CH2Cl2 (1 M) にジオール
134bがほとんど溶解していない．CH2Cl2 (0.2 M) の希釈条件にすることによっ
て，反応途中で CH2Cl2 溶媒に溶解しているジオール 134b の割合が多くなり，
ほとんど溶解しているヒドロキシアルデヒド 135b の酸化よりも効率的にジオ





 ベツリンの酸化において TEMPOと DMN-AZADOの高い第一級アルコール選
択性が見られた．そこで，この 2 つの触媒活性をより詳細に調べるために，共
酸化剤 PhI(OAc)2を 1.5 当量用いる条件下に，反応の効率的な進行に必要な触媒
量について検討した (Table 1-7)．その結果，TEMPOでは 20 mol%用いると 3.5 h
で，DMN-AZADO では 2 mol%を用いると 45 min で反応が完結して，高収率に










応性を調査した．始めに，1 mol%のニトロキシルラジカル触媒と 1.2 当量の
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NaOCl を用い，ジオールのヒドロキシアルデヒドへの酸化反応を TEMPO と比
較検討した (Table 1-8)．アルコール近傍が立体的に空いているジオール 134c は
溶解性が低いことから CH2Cl2 (0.05 M) - sat. NaHCO3 (0.1 M) の希釈条件下に行
ったところ，TEMPO と DMN-AZADO のどちらの触媒を用いても良好な収率で
第一級アルコールが選択的に酸化されたヒドロキシアルデヒドを与えたが，ケ
トアルデヒドの生成が少量認められた (entry 1)．ジオール 134dはどちらの触媒
を用いても高い第一級アルコール選択性が見られた (entry 2)．その他の Ph基や
エステル，アルキンなどの官能基を有し，ネオペンチル位の嵩高い部位にアル
コールをもつジオールの酸化では，1 mol%の TEMPO では途中で反応が停止し
た．一方，DMN-AZADOではいずれのジオールも 20分以内に原料が消失してヒ
ドロキシアルデヒドを高収率で与えた (entries 3-7)．当研究室で合成研究されて
いた複雑な骨格をもつ天然物の合成中間体 37 に対しても， 1 mol%の







次に 5 mol%のニトロキシルラジカル触媒と PhI(OAc)2を 1.5 当量用い，様々
なジオールのヒドロキシアルデヒドへの酸化反応を検討した (Table 1-9)．アル
コール近傍が立体的に空いているジオール 134c，134d では DMN-AZADO 2 
mol%に低減しても円滑に酸化が進行したが，2 mol%の TEMPO では第一級アル
コールの酸化が完結せず，原料が一部回収された (entries 1, 2)．しかし，ジオー













Figure 1-2 に示したジオール  134k-134m をニトロキシルラジカル触媒と
NaOCl や PhI(OAc)2を用いる酸化条件に付したが，生成したアルデヒドが不安定
なため，単離することができなかった．特に 134k は酸化条件下，基質の分解が


































ル 136e’ は中程度の収率に留まった (entries 1, 2)．一方，DMN-AZADO では短
時間，高収率でヒドロキシエステル 136e’ が単一成績体として得られた (entry 
4)．用いる DMN-AZADO触媒と NaOCl を 5 mol%に低減しても問題なく進行す






1-Me-AZADO に関しては副生成物としてケトエステル 138e’ が 9%の収率で得
られた．また，反応が停止した時点で NaOCl を 10 mol%追加したところ，目的
物 136e’ の収率が若干向上したものの反応が再び途中で停止しケトエステル 
138e’ の収率も 17%に増加した (entry 3)．この 1-Me-AZADO の反応停止の原因
は反応機構から以下のように説明できる (Scheme 1-9)． 
 すなわち，本反応は総論で説明したように第一級アルコールが酸化され生成
したアルデヒドが NaClO2によってさらに酸化されることによって，カルボン酸
が得られる．それに伴い NaClO2が還元されて，より酸化力の高い NaOCl が生成




進行しないことによってヒドロキシルアミン 140 からオキソアンモニウム塩 
139 への酸化が起こらず，触媒サイクルが停止してしまう．つまり，理論上，












この結果を得て Table 1-10，entry 5の 5 mol%のニトロキシルラジカル，5 mol%
の NaOCl，3当量の NaClO2を用いる条件下，DMN-AZADOの基質適用性を調査
し，TEMPOと比較した (Table 1-11)．Entries 1, 3, 4, 6, 7のアルキンを有するジオ
ールや糖誘導体，天然物の合成中間体などに対して TEMPO を用いると，24 時
間後も原料が消失しなかった．Entry 5 のジオール 134p の酸化では 134p に含
まれる Bn 基由来の安息香酸が観察され，24 時間後には原料は見られなかった．
一方，DMN-AZADO は多くの基質で円滑に反応が進行し高収率で目的のヒドロ
キシエステルを与えた (entries 1, 3, 4, 5, 7)．しかし，不飽和エステルをもつジオ
ール 134f の酸化は 5-8 mol%のDMN-AZADOでは途中で停止して原料が一部回
収された．そこで，10 mol%に増加したところ原料が消失し，ヒドロキシエステ
ル  136f’ が 93%収率で得られた  (entry 2)．反応が途中で停止した際に
DMN-AZADO を追加すると反応が再び進行したことから，アルコール酸化触媒





考察した．その影響から，立体的に空いているジオール 134d では TEMPO の
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方が DMN-AZADO よりもヒドロキシエステル 136d’ の収率が上回る結果を与













にすることで調製した (Scheme 1-10)．39 これらオキソアンモニウム塩を 20 





















DMN-AZADOの反応性を TEMPOと比較した (Table 1-12)．文献と同様のジオー
ル基質 108 を調製し，CH2Cl2 (0.1 M) の希釈条件下に 10 mol%のニトロキシル
ラジカル，2.5 当量の PhI(OAc)2を作用させたところ，DMN-AZADO と TEMPO
のどちらも高収率で 7員環ラクトンを得ることができ，DMN-AZADOは TEMPO
に比べ反応時間が有意に短縮した (entries 1, 3)．ニトロキシルラジカル触媒を 5 
mol%に低減すると，どちらの触媒もわずかに収率の低下が観察された (entries 2, 
4)．また，(+)-3-careneから誘導したジオール 134s についても，それぞれ 5 mol%
の DMN-AZADO と TEMPO で高収率の目的成績体を与え，DMN-AZADO の方









ル位の第二級アルコールの共存するジオール  143 について，TEMPO，
DMN-AZADO，1-Me-AZADO の触媒を用いる酸化反応の選択性を比較検討した 




1-Me-AZADO の順に第二級アルコール酸化体 (2°) に対する第一級アルコール
酸化体 (1°) の割合が低下していくという結果を与えた (Table 1-13 selectivity)．










Anelli らは cat. 4-MeO-TEMPO / NaOCl を用いる弱塩基性の条件下，24c p-ニトロ
ベンジルアルコールが p-メトキシベンジルアルコールよりも短時間に高収率の
酸化成績体を与え，電子供与性基が反応速度を低下させるという実験結果を報




反応条件下，基質の電子密度による選択性への影響を TEMPO と DMN-AZADO
について調査した．方法として p-メチルベンジルアルコール (147a) と p-トリフ
ルオロメチルベンジルアルコール (147b) が 1 当量ずつ含まれる混合物に 5 
mol%のニトロキシルラジカルと 1 当量の NaOCl を用いて得られる酸化成績体
148a と 148bの各収率を比較した (Table 1-14)．酸化反応の結果，得られた p-メ








DMN-AZADO 触媒を用いるアルコール酸化反応は TEMPO や 4-MeO-TEMPO の






位の第一級アルコールの共存する 2,2-dimethyl-1,11-undecadiol (149) を基質に選
択した．反応の追跡を TLCを用いて詳細に行うため，共酸化剤 NaOCl 条件に比
べて反応速度が緩やかな PhI(OAc)2の条件下に TEMPO と DMN-AZADO 触媒を
それぞれ用いてアルコール酸化の反応性を調査した (Table 1-15)．原料の消失前
に反応を止めたところ，TEMPO と DMN-AZADO いずれの触媒を用いた際もジ
アルデヒド 151 の生成が観察され，立体的に空いている方のみ酸化されたヒド
ロキシアルデヒド 150 がそれぞれ 83%，75%の収率で得られた (entries 1, 2)．
また，両触媒は原料の消失後に反応を止めるとジアルデヒド 151 とヒドロキシ
カルボン酸 152 の収率が向上し，ヒドロキシアルデヒド 150 の収率低下が見


























第五節 Practical DMN-AZADO の反応性に関する検討 
 第一章第一節で確立した DMN-AZADO 合成法では Bamford-Stevens 反応によ
って得られる分離困難なアルケン副生成物を除去する為にヒドロホウ素化-酸化
の操作を行っていた．しかし，この分離操作を行わないことで混入する
1,5-dimethyl-ABNO は第一級アルコール選択性に DMN-AZADO と大きな差がな









ベツリン (134b) を基質に 1.5 当量の PhI(OAc)2を共酸化剤として用い検討し
た結果，2 mol%以上の DMN-AZADO触媒では Pure と Impure のどちらを用いて
も，95%以上の収率でヒドロキシアルデヒド 135b を与えた (Table 1-16)．一方，
DMN-AZADO を 1 mol%に下げるとどちらの触媒の際も途中で反応が停止し，
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続いて，合成する上で Pure DMN-AZADO よりも実用性の高い Impure 





















1,2-ジオール 153a の第一級アルコールを選択的に酸化して α-ヒドロキシカ
ルボン酸を得る目的で，アセトニトリル- pH 6.8 リン酸緩衝液混合溶媒中 10 
mol%の TEMPO，10 mol%の NaOCl，3 当量の NaClO2を用いる反応条件に付し
た．26f 4 時間後に TLC を用いてジオール 153a の消失を確認して反応を停止さ
せたところ，収率 26%の目的の α-ヒドロキシカルボン酸 154a を伴って一炭素
減炭したカルボン酸 155aが収率 71%の主成績体として得られた (Scheme 2-1)．
反応時間を 9時間まで延長すると α-ヒドロキシカルボン酸 154aは完全に消失し，









は途中で停止した (Table 2-1 entry 1)．単離精製の容易さの観点から CH2N2で処
理したところ，目的のカルボン酸由来のエステル 155b’ が収率 25%で得られる 
と共に α-ヒドロキシカルボン酸由来の α-ヒドロキシエステル 154b’ が収率 41%，
オレフィン部が NaOCl と反応したと思われる副生成物が少量得られた．そこで，
より高い反応性を期待し AZADO 類の酸化触媒を検討することにした．Scheme 
2-1 で中間体として α-ヒドロキシカルボン酸が一部観察されたことから，この開
裂反応の進行には第一級アルコールの優先的な酸化が必要と考察し，AZADO 類
の中で酸化活性部周辺が適度に遮蔽された DMN-AZADO と 1-Me-AZADO 触媒
を用いて，検討を行うこととした．その結果，DMN-AZADOを用いると 20時間
後にはジオール 153b と α-ヒドロキシカルボン酸 154b が消失して目的のカル
ボン酸由来のエステル 155b’ が 73%の収率で得られた (entry 2)．1-Me-AZADO









基質  153c を用いて開裂反応の検討を行った  (Table 2-2)．1-Me-AZADO と







にするため，アセトニトリル- pH 6.8 リン酸緩衝液混合溶媒中 10 mol%の
1-Me-AZADO，10 mol%の NaOCl，3 当量の NaClO2を用いる反応条件で検討を










ルボン酸を与えた．また，キラルカラムを用いた HPLC 分析を行い，entries 5, 6, 
10 で得られるエステル 155f’，155g’，155j’ がラセミ化していないこと，NMR













味を持ち，1-Me-AZADO触媒を用いて検討した (Scheme 2-2)．NaClO2 を 5.0 当
量 に増やしてトリオール 156 を酸化したところ，2炭素減炭したカルボン酸 
157 が高収率で得られてきた．次に，NaClO2 を 7.0 当量に増やし，テトラオー










ロキシカルボン酸から減炭反応が進行する経路として 2 つの反応経路 a と b を










はじめに経路 a について検証を行った．α-ヒドロキシカルボン酸 154c を 10 
mol%の NaOCl，2当量の NaClO2の条件に付したところ，痕跡量の減炭したカル











次に経路 b の可能性について，α-ケトカルボン酸 159c を用いて検討を行った 
(Table 2-4)．α-ケトカルボン酸 159c を 2当量の 1-Me-AZADO+BF4
-を用いる条件
に付したところ，減炭したカルボン酸 155c は全く観察されなかった．一方，2
当量の NaClO2の条件に付すと，3 h で 9 割程度の減炭したカルボン酸 155c が
得られた．興味深いことに，10 mol%の 1-Me-AZADO+BF4
-
 と 2 当量の NaClO2


















本反応をさらに詳細に解明するため，ケトアルコール 160c を 1-Me-AZADO
触媒を用いる開裂反応条件に付したところ，ジオール 153c のときよりも短時
間に反応が完結して高収率で減炭したカルボン酸 155c が得られた (Scheme 
























1-Me-AZADO の反応時間に大きな差の見られる基質 153h から誘導した α-ヒド
ロキシカルボン酸 154h を用い検討を行った (Scheme 2-8)．α-ヒドロキシカルボ
ン酸 154h に 1.5 当量の 1-Me-AZADO+Cl-と TEMPO+Cl-をそれぞれ作用させて，
反応性を比較した．反応時間を 1 h に固定して停止させた後に CH2N2で処理し
たところ，1-Me-AZADO+Cl-では原料が消失し α-ケトカルボン酸由来のエポキシ























































用いて比較することで，TEMPO が DMN-AZADO よりも優れた選択性を示し，
わずかに高い収率で酸化成績体を与えることを明らかとした．(第一章 第四節) 
触媒合成法の効率化を検討した結果，DMN-AZADO 合成のヒドロホウ素化-







































General Procedure: All reactions were carried out under an atmosphere of argon 
unless otherwise specified. Reagents were purchased from commercial suppliers and 
used without further purification unless otherwise stated. The concentration of aq. 
NaOCl was determined by standard redox titration (KI). Reactions were monitored by 
thin-layer chromatography (TLC) carried out on silica gel plates. Column 
chromatographies were performed on silica gel 60N (spherical, neutral, 40-50 μm and 
63-210 μm). Optical rotations were measured on Digital Polarimeter at room 
temperature, using the sodium D line. Melting points (uncorrected) were determined 
using melting point apparatus. 
1
H-NMR spectra were recorded on 400 MHz and 600 
MHz spectrometers. Chemical shifts (δ) are given in ppm relative to 0.00 ppm for 
tetramethylsilane (TMS). Coupling constants (J) are reported in Hz. Multiplicities are 
reported using the following abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet; dd, double doublet; dt, double triplet; dq, double quartet. 
13
C-NMR spectra 
were recorded on 100 MHz and 150 MHz spectrometers. Chemical shifts are given in 
ppm relative to 77.0 ppm for CDCl3. Low resolution mass spectra (MS) and high 
resolution mass spectra (HRMS) were recorded using electron impact (EI) with 
magnetic sector or time-of-flight mass analyzer or electrospray ionization (ESI) with 


















 To a solution of N, O-dimethylhydroxylamine hydrochloride (47.8 g, 
0.490 mol) in CH2Cl2 (500 mL) was added slowly Et3N (140 mL, 0.980 mol) followed by 
glutaryl chloride (129) (25 mL, 0.196 mol) at 0 °C. The reaction mixture was stirred at 0 °C for 
0.5 h and allowed to warm to room temperature.  The reaction mixture was stirred at room 
temperature for 1 h then the reaction mixture was washed with water, 1N HCl, sat. NaHCO3, 
and brine. The organic layer was dried with Na2SO4 and concentrated under reduced pressure. 
The residue was used in the next reaction without further purification. To a solution of the amide 
in THF (500 mL) was added dropwise MeMgBr (3.0 M in Et2O, 160 mL, 0.470 mol) at 0 °C. 
The mixture stirring was stirred for 4 h at room temperature and quenched with sat. NH4Cl. The 
mixture was extracted with AcOEt (four times). The organic layer was dried over MgSO4 and 
concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (Et2O:hexane = 2:1) to yield diketone 70 (22.5 g, 90%) as a pale yellow oil; 
1H-NMR (400 MHz, CDCl3) δ 2.47 (t, J = 7.2 Hz, 4H), 2.13 (s, 6H), (quint, J = 7.2 Hz, 2H); 
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13C-NMR (100 MHz, CDCl3) δ 208.3, 42.4, 29.9, 17.6; IR (neat, cm
-1): 1714; MS m/z 128 [M]+, 
43 (100%); HRMS (EI): calcd. for C7H12O2 128.0837 [M]
+, found 128.0835. 
 
1,5-Dimethyl-9-azabicyclo[3.3.1]nonan-3-one (71). To a solution of diketone 70 (5.07 g, 39.6 
mmol) in AcOH (49 mL) was added NH4OAc (18.3 g, 0.238 mol) and acetone dicarboxylic acid 
(34.7 g, 0.238 mol) at room temperature. The reaction mixture was stirred for 3 h at 80 °C and 
then cooled to 0 °C. After the solution was diluted with CH2Cl2 and water until separating into 
two layers, it was acidified with 10% HCl aq. (pH 1) and then diluted with AcOEt. The resultant 
mixture was extracted with water. The combined aqueous layers were basified with 20% NaOH 
(pH 11) and extracted with CH2Cl2 (three times). Then the combined organic layers were dried 
over K2CO3 and concentrated under reduced pressure. The residue was purified by flash silica 
gel column chromatography (AcOEt:hexane = 1:1 to MeOH:CHCl3 = 1:8) to yield amine 71 
(3.65 g, 55%) as a dark red oil; 1H-NMR (400 MHz, CDCl3) δ 2.35 (d, J = 16.2 Hz, 2H), 2.11 (d, 
J = 16.2 Hz, 2H), 1.70-1.62 (m, 3H), 1.58-1.41 (m, 1H), 1.41-1.28 (m, 3H), 1.21 (s, 6H); 
13C-NMR (100 MHz, CDCl3) δ 211.3, 52.9, 52.4, 37.9, 31.5, 19.4; IR (neat, cm
-1): 1704, 850; 
MS m/z 167 [M]
+






3-Methylcyclohex-2-en-1-one (130): pale yellow liquid; 1H-NMR (400 MHz, CDCl3) δ 
5.90-5.86 (m, 1H), 2.34 (t, J = 6.8 Hz, 2H), 2.28 (t, J = 6.1 Hz, 2H), 1.99 (q, J = 6.4 Hz, 2H), 
1.96 (s, 3H); 13C-NMR (100 MHz, CDCl3) δ 199.3, 162.5, 126.3, 36.7, 30.6, 24.1, 22.2; IR (neat, 
cm-1): 2939, 1666, 1429; MS m/z 110 [M]+, 82 (100%); HRMS (EI): calcd. for C7H10O 
110.0732 [M]+, found 110.0733. 
 
N-Benzyl-1,5-dimethyl-9-azabicyclo[3.3.1]nonan-3-one (131). To a solution of amine 71 
(1.06 g, 6.34 mmol) and freshly prepared benzyl iodide (1.26 mL, 10.1 mmol)34 in acetone (11 
mL) was added K2CO3 (1.40g, 10.1 mmol) at room temperature. The reaction mixture was 
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refluxed for 2 days. After cooling to 0 °C, the reaction mixture was diluted with CH2Cl2 and 
quenched with water.  The mixture was extracted with CH2Cl2 (three times). The combined 
organic layers were dried over K2CO3 and concentrated under reduced pressure. The residue 
was purified by flash silica gel column chromatography (AcOEt:hexane = 1:12 to 1:8) to yield 
benzyl amine 131 (1.40 g, 86%) as a white solid; mp 100-101 °C (recrystallized from hexane); 
1H-NMR (400 MHz, CDCl3) δ 7.48 (d, J = 7.8 Hz, 2H), 7.31 (t, J = 7.8 Hz, 2H), 7.19 (t, J = 7.8 
Hz, 1H), 3.94 (s, 2H), 2.42 (d, J = 15.9 Hz, 2H), 2.25 (d, J = 15.9 Hz, 2H), 1.78-1.65 (m, 2H), 
1.62-1.43 (m, 4H), 1.08 (s, 6H); 13C-NMR (100 MHz, CDCl3) δ 211.8, 144.2, 128.1, 126.6, 
126.0, 57.9, 49.3, 47.3, 37.8, 29.8, 19.6; IR (neat, cm-1): 1702, 1202, 719, 695; MS m/z 257 
[M]+, 257 (100%); HRMS (EI): calcd. for C17H23NO 257.1780 [M]
+, found 257.1762. 
 
N-Benzyl-1,5-dimethyl-9-azabicyclo[3.3.1]nonan-3-ylidene-4-methylbenzene 
sulfonohydrazide (132). To a solution of benzyl amine 131 (5.46 g, 21.2 mmol) in benzene 
(106 mL) was added p-toluenesulfonyl hydrazine (9.48 g, 50.9 mmol), and the reaction mixture 
was refluxed with a Dean-Stark water separator for 9 h. After this solution was cooled at 0 °C, 
water was added and this solution was extracted with AcOEt (three times). The combined 
organic layers were washed with brine and dried over MgSO4 and concentrated under reduced 
pressure. The residue was purified by flash silica gel column chromatography (AcOEt : hexane 
= 1:4) to yield hydrazone 132 (6.93 g, 77%) as a yellow solid; mp 168-169 °C (recrystallized 
from hexane-CHCl3); 
1H-NMR (400 MHz, CDCl3) δ 7.90-7.83 (m, 2H), 7.63 (br s, 1H), 
7.44-7.37 (m, 2H), 7.35-7.28 (m, 2H), 7.28-7.22 (m, 2H), 7.20-7.12 (m, 1H), 3.90-3.72 (m, 2H), 
2.43 (s, 3H), 2.41-2.25 (m, 3H), 2.01 (d, J = 16.1 Hz, 1H), 1.67-1.55 (m, 2H), 1.55-1.40 (m, 
2H), 1.40-1.28 (m, 2H), 0.983 (s, 3H), 0.979 (s, 3H); 13C-NMR (100 MHz, CDCl3) δ 162.8, 
144.4, 143.9, 135.7, 129.5, 127.99, 127.98, 126.6, 125.9, 56.2, 56.1, 47.0, 30.1, 29.9, 21.6, 19.3; 
IR (neat, cm-1): 3218, 1166; MS m/z 425 [M]+, 240 (100%); HRMS (EI): calcd. for 
C24H31N3O2S 425.2137 [M]
+, found 425.2118. 
 
N-Benzyl-1,5-dimethyl-9-azanoradamantane (110). To a solution of hydrazone 132 (2.50 g, 
5.87 mmol) in DMF (59 mL) was added NaH (60% dispersion in mineral oil, 704 mg, 17.6 
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mmol), and the mixture was stirred at room temperature for 15 min and then refluxed for 15 min. 
The reaction mixture was quenched with water at 0 °C. The mixture was extracted with Et2O 
(three times), and the organic layers were washed with brine and dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (only hexane to AcOEt:hexane = 1:8) to yield N-benzyl azanoradamantane 110 
and N-benzyl-1,5-dimethyl-9-azabicyclo[3.3.1]non-2-ene (111) (1.10 g, 77% (110 + 111), ca. 8 : 
1) as an inseparable mixture. 
 
To a solution of a ca. 8:1 mixture of N-benzyl 9-azanoradamantane 110 and N-benzyl 
9-azabicyclo[3.3.1]nonene 111 (497 mg, 2.06 mmol) in Et2O (4.1 mL) at 0 °C was added 
dropwise BH3·SMe2 (2.0 M in Et2O, 2.1 mL, 4.2 mmol). The mixture was stirred at room 
temperature for 1.5 h. After the mixture was cooled to 0 °C, 2N NaOH (5.2 mL) and H2O2 (0.69 
mL) were added dropwise. After the reaction mixture was stirred for 3 h at room temperature, it 
was quenched with sat. NH4Cl at 0 °C and extracted with Et2O (three times). The organic layers 
were washed with brine and dried over K2CO3 and concentrated under reduced pressure. The 
residue was purified by flash silica gel column chromatography (AcOEt:hexane = 1:8 to 1:2) to 
recover N-benzyl-1,5-dimethyl-9-azanoradamantane (110) (411 mg, 83%) as a pale yellow 
solid; 1H-NMR (400 MHz, CDCl3) δ 7.51-7.42 (m, 2H), 7.32-7.24 (m, 2H), 7.18-7.11 (m, 1H), 
3.76 (s, 2H), 2.54 (quint, J = 5.0 Hz, 2H), 1.62 (d, J = 10.0 Hz, 4H), 1.48 (dd, J = 10.0, 5.0 Hz, 
4H), 1.03 (s, 6H); 13C-NMR (100 MHz, CDCl3) δ 127.8, 127.0, 125.5, 65.3, 50.8, 47.3, 38.6, 
23.7; IR (neat, cm-1): 719; MS m/z 241 [M]+, 241 (100%); HRMS (EI): calcd. for C17H23N 
241.1831 [M]+, found 241.1815. 
 
1,5-Dimethyl-9-azanoradamantane N-oxyl (66). To a solution of 20% Pd(OH)2/C (wetted 
with 50% water, 320 mg) in EtOH (66 mL) was added azanoradamantane 110 (3.17 g, 13.1 
mmol). The reaction flask was purged with H2 three times, and then the reaction mixture was 
stirred at room temperature under H2 atmosphere for 1 day. The catalyst was removed by 
filtration through Celite®. The filtrate was concentrated under reduced pressure. The residue was 
dissolved in CHCl3 and sat. Na2CO3 and then extracted with CHCl3 (twice). The combined 
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organic layers were dried over K2CO3 and concentrated under reduced pressure. The residue 
was used to the next reaction without further purification. To a solution of the crude amine in 
MeOH (26 mL) was added Na2WO4·2H2O (2.16 g, 6.6 mmol). After the suspension was stirred 
at room temperature for 30 min, UHP (3.70 g, 39.3 mmol) was added and stirred for additional 2 
h. sat. NaHCO3 was added to the reaction mixture and extracted with CHCl3 (three times). The 
organic layers were dried over K2CO3 and concentrated under reduced pressure. The residue 
was purified by flash silica gel column chromatography (Et2O:hexane = 1:4) to yield 
1,5-dimethyl-9-azanoradamantane N-oxyl (66) (1.09 g, 50%) as a dark red oil and 
(AcOEt:hexane = 1:2 to only AcOEt) to yield N-hydroxy-1,5-dimethyl-9-azanoradamantane 
(133) (283 mg, 13%) as a white solid.  
 
DMN-AZADO (66): IR (neat, cm-1): 1456, 1374, 1337; MS m/z 166 [M]+, 93 (100%); HRMS 
(EI): calcd. for C10H16NO 166.1232 [M]
+, found 166.1232; Anal.: calcd. for C10H16NO
・: C, 




H-NMR (400 MHz, CDCl3) δ 2.53-2.38 (m, 2H), 1.89 (dd, J = 11.2, 
2.9 Hz, 2H), 1.66-1.56 (m, 2H), 1.54-1.44 (m, 2H), 1.36 (dd, J = 11.2, 6.6 Hz, 2H), 1.26 (s, 
6H); 13C-NMR (100 MHz, CDCl3) δ 68.6, 47.9, 42.4, 37.6, 37.2, 21.7; IR (neat, cm
-1): 3366; 





Representative Procedure for the Selective Oxidation of Diols to Hydroxyaldehydes Using 
NaOCl as a Cooxidant. To a solution of 2,2-dimethyl-5-phenylpentane-1,3-diol (134e) (42.5 
mg, 0.204 mmol) and DMN-AZADO (66) (0.339 mg, 0.0020 mmol) in CH2Cl2 (0.54 mL) was 
added sat. NaHCO3 (0.32 mL) containing KBr (2.43 mg, 0.020 mmol) and n-Bu4NBr (3.29 mg, 
0.010 mmol). To this vigorously stirred mixture at 0 °C, pre-mixed solution of aqueous NaOCl 
(0.245 mmol) and sat. NaHCO3 (0.22 mL) was added dropwise over 2 min. After stirring for 4 
min at 0 °C, the reaction mixture was quenched with sat. Na2S2O3 (1 mL). The layers were 
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separated, and the aqueous layer was extracted with Et2O. The combined organic layers were 
washed with brine, dried over MgSO4, and concentrated under reduced pressure. The crude 
product was purified by flash silica gel column chromatography (AcOEt:hexane = 1:4) to give 
3-hydroxy-2,2-dimethyl-5-phenylpentanal (135e) (39.3 mg, 93%). 
 
Representative Procedure for the Selective Oxidation of Diols to Hydroxyaldehydes Using 
PhI(OAc)2 as a Cooxidant. To a solution of 2,2,4-trimethylpentane-1,3-diol (134a) (41.7 mg, 
0.285 mmol) and DMN-AZADO (66) (2.37 mg, 0.0143 mmol) in CH2Cl2 (1.4 mL) was added 
PhI(OAc)2 (138 mg, 0.428 mmol) in one portion. After stirring for 1 h at room temperature, the 
reaction mixture was diluted with Et2O and quenched with sat. NaHCO3 (1 mL) and sat. 
Na2S2O3 (1 mL), and the layers were separated. The aqueous layer was extracted with Et2O. The 
combined organic layers were washed with brine, dried over MgSO4, and concentrated under 
reduced pressure. The crude material was purified by flash silica gel column chromatography 
(AcOEt:hexane = 1:4) to give 3-hydroxy-2,2,4-trimethylpentanal (135a) (32.8 mg, 80%). 
 
Representative Procedure for the Selective One-Pot Oxidation of Diols to Hydroxy Acids 
Using NaOCl and NaClO2 as Cooxidants. To a solution of 2,2-dimethyl-5-phenylpentane-1,3- 
diol (134e) (49.6 mg, 0.238 mmol) in MeCN (1.2 mL) and phosphate buffer (0.8 mL, pH = 6.8, 
1 M)  at 25 °C was added DMN-AZADO (66)(1.98 mg, 0.012 mmol) as MeCN solution. Then 
NaClO2 (80.8 mg, 80%, 0.714 mmol) in H2O (0.4 mL) and dilute aq. NaOCl solution (0.09 mL, 
0.0119 mmol) were simultaneously added over 30 s. After stirring at 25 °C for 3 h, the reaction 
mixture was acidified with phosphate buffer (3 mL, pH = 2.3), NaCl and CH2Cl2 was added, 
and two layers were separated. The organic layer was dried over MgSO4 and concentrated under 
reduced pressure. After the treatment of CH2N2 in Et2O, the crude product was purified by flash 
silica gel column chromatography (AcOEt:hexane = 1:4) to give methyl 
3-hydroxy-2,2-dimethyl-5-phenylpentanoate (136e’) (51.2 mg, 91%). 
 
Representative Procedure for the Oxidative Lactonization of Diols. To a solution of 
dodecane-1,6-diol (108) (40.7 mg, 0.201 mmol) and DMN-AZADO (66) (1.68 mg, 0.010 
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mmol) in CH2Cl2 (2.0 mL) was added PhI(OAc)2 (162 mg, 0.503 mmol) in one portion. After 
the reaction mixture was stirred for 3 h at room temperature, it was diluted with Et2O and 
quenched with sat. NaHCO3 (1 mL) followed by sat. Na2S2O3 (1 mL). The layers were separated, 
and the aqueous layer was extracted with Et2O. The combined organic layers were washed with 
brine, dried over MgSO4, and concentrated under reduced pressure. The crude product was 
purified by flash silica gel column chromatography (AcOEt:hexane = 1:4) to give 
7-hexyloxepan-2-one (109) (31.0 mg, 78%). 
 
Experimental Data for Compounds 
 
4-Phenylbutanal (90): pale yellow oil; 1H-NMR (400MHz, CDCl3) δ 9.75 (t, J = 1.4 Hz, 1H), 
7.33-7.25 (m, 2H), 7.23-7.14 (m, 3H), 2.66 (t, J = 7.5 Hz, 2H), 2.44 (td, J = 7.5, 1.4 Hz, 2H), 
1.96 (quint, J = 7.5 Hz, 2H); 13C-NMR (100MHz, CDCl3) δ 202.2, 141.2, 128.4, 126.1, 43.1, 
35.0, 23.6; IR (neat, cm-1): 2937, 2722, 1720, 699; MS m/z 148 (M+), 104 (100%); HRMS (EI) 
calcd. for C10H12O: 148.0888 (M





 (135a): pale yellow oil; 1H-NMR (400MHz, CDCl3) δ 
9.63 (s, 1H), 3.55 (dd, J = 5.8, 3.9 Hz, 1H), 1.96 (d, J = 5.8 Hz, 1H), 1.88 (sept d, J = 6.8, 3.9 
Hz, 1H), 1.13 (s, , 3H), 1.12 (s, 3H), 0.97 (d, J = 6.8 Hz, 3H), 0.91 (d, J = 6.8 Hz, 3H); 
13C-NMR (100MHz, CDCl3) δ 206.7, 80.2, 50.5, 29.9, 21.7, 19.8, 18.6, 17.2; IR (neat, cm
-1): 












CDCl3) δ 3.69 (s, 3H), 3.39 (dd, J = 8.7, 3.6 Hz, 1H), 2.81 (d, J = 8.7 Hz, 1H), 1.86 (sept d, J = 
6.9, 3.6 Hz, 1H), 1.28 (s, 3H), 1.19 (s, 3H), 0.97 (d, J = 6.9 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H); 
13C-NMR (100MHz, CDCl3) δ 178.3, 81.2, 51.6, 45.8, 29.8, 23.0, 22.3, 21.3, 16.2; IR (neat, 





2,2,4-Trimethyl-3-Oxo-pentanal (137a): 1H-NMR (400MHz, CDCl3) δ 9.64 (s, 1H), 2.94 (sept, 
J = 6.7 Hz, 1H), 1.35 (s, 6H), 1.05 (d, J = 6.7 Hz, 6H); 13C-NMR (100MHz, CDCl3) δ 213.4, 
200.9, 60.7, 36.5, 19.2, 19.0; IR (neat, cm-1): 1733, 1702; MS m/z 143 [M+H]+, 71 (100%); 
HRMS (EI) calcd C8H15O2: 143.1070 [M+H]
+, found: 143.1068. 
 
 
Methyl 2,2,4-trimethyl-3-oxopentanoate (138a’): 1H-NMR (400MHz, CDCl3) δ 3.73 (s, 3H), 
2.87 (sept, J = 6.8 Hz, 1H), 1.38 (s, 6H), 1.07 (d, J = 6.8 Hz, 6H); 13C-NMR (100MHz, CDCl3) 
δ 212.5, 174.1, 55.9, 52.2, 36.7, 21.7, 20.2; IR (neat, cm-1): 1716; MS m/z 172 [M]+, 71 (100%); 
HRMS (EI) calcd C9H16O3: 172.1099 [M]





 (135b): white solid; [α]D
26 +14.7 (c 1.67, CHCl3); mp 168-169 °C (CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 9.68 (s, 1H), 4.76 (s, 1H), 4.63 (s, 1H), 3.18 (dd, J = 10.6, 4.4 Hz, 
1H), 2.86 (td, J = 11.1, 5.8 Hz, 1H), 2.12-2.04 (m, 1H), 2.02 (td, J = 12.1, 3.4 Hz, 1H), 
1.96-1.82 (m, 1H), 1.82-0.84 (m, 33H), 0.82 (s, 3H), 0.75 (s, 3H), 0.67 (d, J = 9.1 Hz, 1H); 
81 
 
13C-NMR (100MHz, CDCl3) δ 206.7, 149.7, 110.1, 78.9, 59.3, 55.3, 50.4, 48.0, 47.5, 42.5, 40.8, 
38.8, 38.71, 38.67, 37.2, 34.3, 33.2, 29.8, 29.2, 28.8, 28.0, 27.4, 25.5, 20.7, 19.0, 18.2, 16.1, 
15.9, 15.3, 14.2; IR (neat, cm-1): 3419, 1724, 910; MS m/z 440 [M]+, 440 (100%); HRMS (EI) 
calcd. for C30H48O2: 440.3654 [M]





 (137b): white solid; [α]D
24 +42.7 (c 1.30, CHCl3); mp 138-139 °C (CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 9.67 (s, 1H), 4.76 (s, 1H), 4.64 (s, 1H), 2.88 (td, J = 11.1, 5.8 Hz, 
1H), 2.58-2.34 (m, 2H), 2.19-2.01 (m, 2H), 1.98-1.85 (m, 2H), 1.85-1.66 (m, 6H), 1.57-1.18 (m, 
14H), 1.18-0.77 (m, 16H); 13C-NMR (100MHz, CDCl3) δ 217.9, 206.5, 149.6, 110.2, 59.3, 54.9, 
49.8, 47.9, 47.5, 47.3, 42.6, 40.8, 39.6, 38.7, 36.9, 34.1, 33.6, 33.2, 29.8, 29.1, 28.8, 26.6, 25.5, 
21.3, 21.0, 19.6, 19.0, 15.9, 15.7, 14.2; IR (neat, cm
-1
): 1705, 1454; MS m/z 438 [M]
+
, 410 
(100%); HRMS (EI) calcd. for C30H46O2: 438.3498 [M]
+, found: 438.3481. 
 
 
12-Hydroxyoctadecanal (135c): white solid; mp 53-54 °C (Et2O-hexane); 
1H-NMR (400MHz, 
CDCl3) δ 9.76 (t, J = 1.8 Hz, 1H), 3.58 (br s, 1H), 2.42 (td, J = 7.2, 1.8 Hz, 2H), 1.63 (quint, J 
= 7.2 Hz, 2H), 1.49-1.30 (m, 6H), 1.42-1.20 (m, 21H), 0.88 (t, J = 6.5 Hz, 3H); 13C-NMR 
(100MHz, CDCl3) δ 202.9, 71.8, 43.8, 37.41, 37.38, 31.8, 29.6, 29.5, 29.4, 29.31, 29.25, 29.1, 
25.6, 25.5, 22.5, 22.0, 14.0; IR (neat, cm-1): 3300, 1712, 1469; MS m/z 283 [M-H]+, 199 
(100%); HRMS (EI) calcd. for C18H35O2: 283.2637 [M-H]







12-Oxooctadecanal (137c): white solid; 1H-NMR (400MHz, CDCl3) δ 9.76 (t, J = 2.0 Hz, 
1H), 2.42 (td, J = 7.3, 2.0 Hz, 2H), 2.38 (t, J = 7.6 Hz, 4H), 1.68-1.50 (m, 6H), 1.37-1.17 (m, 
18H), 0.88 (t, J = 7.1 Hz, 3H); 13C-NMR (100MHz, CDCl3) δ 211.7, 202.9, 43.9, 42.83, 42.78, 
31.6, 29.4, 29.32, 29.29, 29.2, 29.1, 28.9, 23.9, 22.5, 22.1, 14.0; IR (neat, cm-1): 2916, 2848, 





2-Ethyl-3-hydroxyhexanal (135d): colorless oil; 1H-NMR (400MHz, CDCl3) δ9.78 (d, J = 2.4 
Hz, 0.4H), 9.76 (d, J = 2.9 Hz, 0.6H), 3.98 (dt, J = 8.7, 4.4 Hz, 0.4H), 3.88 (dt, J = 5.8, 5.8 Hz, 
0.6H), 2.37-2.23 (m, 1H), 2.06 (br s, 0.6H), 1.86 (br s, 0.4H), 1.84-1.73 (m, 1H), 1.73-1.61 (m, 
1H), 1.58-1.42 (m, 3H), 1.42-1.29 (m, 1H), 1.05-0.89 (m, 6H); 
13
C-NMR (100MHz, CDCl3) δ 
major 205.9, 70.8, 58.7, 37.1, 19.3, 18.6, 13.8, 11.4, minor 205.7, 70.5, 58.8, 36.5, 19.1, 17.4, 
13.8, 12.1; IR (neat, cm-1): 3428, 1719, 1463; MS m/z 145 [M+H]+, 72 (100%); HRMS (EI) 
calcd. for C8H17O2: 145.1229 [M+H]
+, found: 145.1215. 
 
 
Methyl 2-ethyl-3-hydroxyhexanoate (136d’): pale yellow oil; 1H-NMR (400MHz, CDCl3) δ 
3.81 (td, J = 8.6 Hz, 4.3 Hz, 0.4H), 3.76-3.65 (m, 0.6H), 3.72 (s, 3H), 2.45-2.34 (m, 1.6H), 2.30 
(d, J = 4.3 Hz, 0.4H), 1.74 (qd, J = 15.6, 7.8, 0.8H), 1.68 (qd, J = 14.4, 7.2, 1.2H), 1.60-1.28 (m, 
4H), 0.93 (t, J = 7.4 Hz, 6H); 13C-NMR (100MHz, CDCl3) δ major: 176.0, 71.6, 52.6, 51.4, 37.7, 
22.6, 18.8, 13.9, 11.8, minor: 175.8, 71.6, 52.8, 51.5, 36.5, 20.3, 19.0, 13.9, 12.1; IR (neat, 
cm-1): 3460, 1736, 1170; MS m/z 175 [M+H]+, 102 (100%); HRMS (EI) calcd. for C9H19O3: 
175.1334 [M+H]
+






 (134e): white solid; mp 80-81 °C (CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 7.37-7.15 (m 5H), 3.58 (dd, J = 10.6, 5.3 Hz, 1H), 3.52 (ddd, J = 
10.6, 4.6, 1.2 Hz, 1H), 3.46 (dd, J = 10.6, 4.8 Hz, 1H), 2.93 (ddd, J = 14.2, 9.7, 4.8 Hz, 1H), 
2.64 (ddd, J = 14.2, 9.7, 6.8 Hz, 1H), 2.59-2.52 (m, 1H), 2.47-2.32 (m, 1H), 1.89-1.78 (m, 1H), 
1.76-1.63 (m, 1H), 0.89 (s, 3H), 0.88 (s, 3H); 13C-NMR (100MHz, CDCl3) δ 142.2, 128.5, 128.4, 
125.9, 78.9, 72.4, 38.5, 33.8, 33.0, 22.5, 18.9; IR (neat, cm-1): 3362, 748, 700; MS m/z 208 [M]+, 
134 (100%); HRMS (EI) calcd. for C13H20O2: 208.1463 [M]





 (135e): pale yellow oil; 1H-NMR (400MHz, 
CDCl3) δ 9.51 (s, 1H), 7.36-7.17 (m, 5H), 3.77 (d, J = 9.7 Hz, 1H), 2.96 (ddd, J = 14.0, 9.7, 5.4 
Hz, 1H), 2.67 (ddd, J = 14.0, 9.2, 7.3 Hz, 1H), 2.29 (br s, 1H), 1.83-1.64 (m, 2H), 1.11 (s, 3H), 
1.04 (s, 3H); 13C-NMR (100MHz, CDCl3) δ 206.6, 141.6, 128.3, 125.8, 74.0, 50.3, 33.0, 32.5, 
18.8, 16.3; IR (neat, cm-1): 3466, 1721, 750, 700; MS m/z 188 [M-H2O]
+, 72 (100%); HRMS 
(EI) calcd. for C13H16O: 188.1201 [M-H2O]





 (136e’): pale yellow oil; 1H-NMR 
(400MHz, CDCl3) δ 7.38-7.15 (m, 5H), 3.69 (s, 3H), 3.62 (ddd, J = 10.4, 7.0, 1.7 Hz, 1H), 2.95 
(ddd, J = 14.2, 9.8, 4.9 Hz, 1H), 2.65 (ddd, J = 14.2, 9.2, 6.8 Hz, 1H), 2.57 (d, J = 7.0 Hz, 1H), 
1.87-1.70 (m, 1H), 1.70-1.50 (m, 1H), 1.19 (s, 3H), 1.16 (s, 3H); 13C-NMR (100MHz, CDCl3) 
δ 178.1, 142.0, 128.4, 128.3, 125.8, 76.0, 51.8, 47.1, 33.6, 32.8, 22.3, 20.3; IR (neat, cm-1): 3501, 






Methyl 2,2-dimethyl-3-oxo-5-phenylpentanoate (138e’): pale yellow oil; 1H-NMR (400MHz, 
CDCl3) δ 7.34-7.24 (m, 2H), 7.24-7.12 (m, 3H), 3.64 (s, 3H), 2.90 (t, J = 7.7 Hz, 2H), 2.76 (t, J 
= 7.7 Hz, 2H), 1.33 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 206.9, 174.0, 141.0, 128.5, 128.4, 
126.1, 55.6, 52.4, 39.9, 30.0, 21.8; IR (neat, cm-1): 1713, 1266; MS m/z 234 [M]+, 105 (100%); 
HRMS (EI) calcd. for C14H18O3: 234.1256 [M]
+, found: 234.1221. 
 
Synthesis of methyl (E)-6-ethyl-5-hydroxy-6-(hydroxymethyl)oct-2-enoate (134f) 
 
To a solution of 2,2-diethyl-1,3-propanediol (S1) (5.00 g, 37.8 mmol) in DMF (190 mL) was 
added TBSCl (6.84 g, 45.4 mmol) and imidazole (10.3 g, 151 mmol) at room temperature. The 
reaction mixture was stirred for 20 min and quenched with water at 0 °C and extracted with 
Et2O (three times). The organic layers were washed with brine and dried over MgSO4 and 
concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (AcOEt:hexane = 1:8) to yield 
2-(((tert-butyldimethylsilyl)oxy)methyl)-2-ethylbutan-1-ol (S2) (8.84 g, 95%) as a colorless oil; 
1H-NMR (400MHz, CDCl3) δ 3.52 (s, 2H), 3.51 (d, J = 5.3 Hz, 2H), 2.85 (t, J = 5.3 Hz, 1H), 
1.34 (dq, J = 14.4, 7.2 Hz, 2H), 1.26 (dq, J = 14.4, 7.2 Hz, 2H), 0.90 (s, 9H), 0.81 (t, J = 7.2 Hz, 
6H), 0.07 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 69.7, 68.9, 40.9, 25.8, 22.6, 18.1, 7.3, -5.7; IR 




+, found: 189.1294. 
 
To a solution of siloxy ether S2 (1.98 g, 8.03 mmol) and 1-Me-AZADO (13.3 mg, 0.0803 
mmol) in CH2Cl2 (21.5 mL) was added a sat. NaHCO3 (13.0 mL) containing KBr (95.6 mg, 
0.803 mmol) and n-Bu4NBr (129.4 mg, 0.402 mmol). To this cooled (0 °C, a water-ice bath) and 
stirred vigorously mixture, pre-mixed solution of aqueous NaOCl (9.64 mmol) and sat. NaHCO3 
(16.0 mL) was added dropwise over 7 min. The reaction was stirred for 8 min at 0 °C, then 
quenched with sat. Na2S2O3 (5 mL). The aqueous layer was separated and extracted with Et2O 
(twice). The combined organic layers were washed with brine, dried over MgSO4 and 
concentrated under reduced pressure. The residue was used to the next reaction without further 
purification. To zinc powder (1.05 g, 16.1 mmol) in benzene (8 mL) was added a solution of the 
crude aldehyde and methyl 4-bromocrotonate (purity > 85%) (1.15 mL, 8.03 mmol) in benzene 
(3.5 mL). Then a small piece of iodine was added, and the mixture was refluxed for 2 h. After 
the solution was cooled with ice bath, quenched with sat. NH4Cl and extracted with Et2O (three 
times). The combined organic layers were washed with brine, dried over MgSO4 and 
concentrated under reduced pressure. The crude materials was purified by flash silica gel 
column chromatography (AcOEt:hexane = 1:8) to give methyl 
(E)-6-(((tert-butyldimethylsilyl)oxy)methyl)-6-ethyl-5-hydroxyoct-2-enoate (S3) (1.49 g, 54%) 
as a colorless oil; 1H-NMR (400MHz, CDCl3) δ 7.15 (dt, J = 15.6, 7.1 Hz, 1H), 5.90 (dt, J = 
15.6, 1.5 Hz, 1H), 3.72 (s, 3H), 3.68-3.55 (m, 2H), 3.61 (d, J = 10.2 Hz, 1H), 3.54 (d, J = 10.2 
Hz, 1H), 2.45 (ddt, J = 14.6, 7.1, 1.5 Hz, 1H), 2.37-2.25 (m, 1H), 1.58 (dq, J = 14.6, 7.3 Hz, 
1H), 1.57 (dq, J = 14.6, 7.3 Hz, 1H), 1.33 (dq, J = 14.6, 7.3 Hz, 1H), 1.17 (dq, J = 14.6, 7.3 Hz, 
1H), 0.90 (s, 9H), 0.83 (t, J = 7.3 Hz, 3H), 0.79 (t, J = 7.3 Hz, 3H), 0.08 (s, 6H); 13C-NMR 
(100MHz, CDCl3) δ 166.9, 148.1, 122.3, 76.0, 68.0, 51.3, 42.5, 35.4, 25.8, 23.1, 22.8, 18.0, 7.44, 
7.35, -5.79, -5.80; IR (neat, cm-1): 3500, 1727, 1258, 1075, 838; MS m/z 345 [M+H]+, 135 
(100%); HRMS (EI) calcd. for C18H37O4Si: 345.2456 [M+H]
+, found: 345.2450. 
 
To a solution of the obtained ester S3 (1.95 g, 5.66 mmol) in MeOH (28 mL) was added PPTS 
(142 mg, 0.566 mmol) at 50 °C and the mixture was stirred for 2.5 h. The reaction mixture was 
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cooled to room temperature and diluted with H2O and extracted with AcOEt (three times). The 
combined organic layers were dried over Na2SO4 and concentrated under reduced pressure. The 
crude materials was purified by flash silica gel column chromatography (AcOEt:hexane = 1:4 to 
1:2) to give methyl (E)-6-ethyl-5-hydroxy-6-(hydroxymethyl)oct-2-enoate (134f) (1.02 g, 78%) 
as a colorless oil; 1H-NMR (400MHz, CDCl3) δ 7.08 (ddd, J = 15.8, 7.8, 6.8 Hz, 1H), 5.95 (d, J 
= 15.8 Hz, 1H), 3.79-3.69 (m, 1H), 3.74 (s, 3H), 3.69 (dd, J = 11.1, 3.9 Hz, 1H), 3.58 (dd, J = 
11.1, 5.3 Hz, 1H), 2.66 (d, J = 5.8 Hz, 1H), 2.51-2.32 (m, 3H), 1.62 (dq, J = 14.6, 7.3 Hz, 1H), 
1.60 (dq, J = 14.6, 7.3 Hz, 1H), 1.37 (dq, J = 14.6, 7.3 Hz, 1H), 1.12 (dq, J = 14.6, 7.3 Hz, 1H), 
0.87 (t, J = 7.3 Hz, 3H), 0.83 (t, J = 7.3 Hz, 3H); 13C-NMR (100MHz, CDCl3) δ 166.9, 147.3, 
123.1, 76.3, 67.1, 51.5, 42.6, 34.9, 23.1, 22.7, 7.41, 7.37; IR (neat, cm-1): 3384, 1724, 1271; MS 





Methyl (E)-6-ethyl-6-formyl-5-hydroxyoct-2-enoate (135f): colorless oil; 1H-NMR (400MHz, 
CDCl3) δ 9.63 (s, 1H), 7.03 (dt, J = 14.4, 7.2 Hz, 1H), 5.94 (d, J = 14.4 Hz, 1H), 3.98 (ddd, J = 
10.4, 4.8, 2.4 Hz, 1H), 3.74 (s, 3H), 2.44-2.21 (m, 2H), 2.29 (d, J = 4.8 Hz, 1H), 1.80 (dq, J = 
14.8, 7.4 Hz, 1H), 1.78 (dq, J = 14.8, 7.4 Hz, 1H), 1.70 (dq, J = 14.8, 7.4 Hz, 1H), 1.58 (dq, J = 
14.8, 7.4 Hz, 1H), 0.94 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H); 13C-NMR (100MHz, 
CDCl3) δ 208.2, 166.7, 146.2, 123.3, 72.0, 55.4, 51.5, 34.6, 23.0, 22.0, 8.27, 7.97; IR (neat, 
cm-1): 3500, 1722, 1658, 1275; MS m/z 229 [M+H]+, 100 (100%); HRMS (EI) calcd. for 
C12H21O4: 229.1434 [M+H]
+, found: 229.1426. 
 
 
Dimethyl (E)-6,6-diethyl-5-hydroxyhept-2-enedioate (136f’): colorless oil; 1H-NMR 
(400MHz, CDCl3) δ 7.06 (dt, J = 15.5, 7.2 Hz 1H), 5.92 (d, J = 15.5 Hz, 1H), 3.87 (ddd, J = 
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10.1, 7.2, 2.4 Hz, 1H), 3.73 (s, 6H), 2.98 (d, J = 7.2 Hz, 1H), 2.43 (dd, J = 14.4, 7.2 Hz, 1H), 
2.28-2.17 (m, 1H), 1.83 (dq, J = 14.4, 7.2 Hz, 1H), 1.764 (q, J = 7.7 Hz, 1H), 1.758 (q, J = 7.7 
Hz, 1H), 1.56 (dq, J = 14.4, 7.2 Hz, 1H), 0.89 (t, J = 7.2 Hz, 3H), 0.84 (t, J = 7.7 Hz, 3H); 
13C-NMR (100MHz, CDCl3) δ 177.0, 166.7, 146.5, 122.9, 72.9, 53.6, 51.7, 51.4, 34.9, 25.6, 
24.0, 8.7, 8.6; IR (neat, cm-1): 3517, 1725, 1225; MS m/z 259 [M+H]+, 130 (100%); HRMS (EI) 
calcd. for C13H23O5: 259.1540 [M+H]
+, found: 259.1547. 
 
Synthesis of 2,2-dimethylnon-6-yne-1,3-diol (134g) 
 
 
To a solution of 2,2-dimethylpropane-1,3-diol (S4) (5.00 g, 48.0 mmol) and TBSCl (3.62 g, 24.0 
mmol) in THF (40 mL) was added dropwise DIPEA (8.36 mL, 48.0 mmol) at 0 °C over 2 h. The 
reaction mixture was stirred at room temperature for 12 h. After the reaction mixture was 
concentrated under reduced pressure, CH2Cl2 was added and the solution was washed with sat. 
NH4Cl. Then the organic layer was dried over MgSO4 and concentrated under reduced pressure. 
The residue was purified by flash silica gel column chromatography (AcOEt:hexane = 1:16) to 
yield 3-((tert-butyldimethylsilyl)oxy)-2,2-dimethylpropan-1-ol15 (S5) (4.34 g, 41%) as a 
colorless oil; 1H-NMR (400MHz, CDCl3) δ 3.46 (d, J = 5.8 Hz, 2H), 3.46 (s, 2H), 2.81 (t, J = 
5.8 Hz, 1H), 0.90 (s, 9H), 0.89 (s, 6H), 0.07 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 72.6, 72.1, 
36.4, 25.8, 21.4, 18.1, -5.7; IR (neat, cm-1): 3391, 1255, 1097, 837; MS m/z 219 [M+H]+, 75 
(100%); HRMS (EI) calcd. for C11H27O2Si: 219.1780 [M+H]
+, found: 219.1772. 
 
To a solution of siloxy ether S5 (1.35 g, 6.18 mmol) and DMN-AZADO (20.5 mg, 0.124 mmol) 
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in CH2Cl2 (16.5 mL) was added a sat. NaHCO3 (10.0 mL) containing KBr (73.5 mg, 0.618 
mmol). To this cooled (0 °C, a water-ice bath) and stirred vigorously mixture, pre-mixed 
solution of aqueous NaOCl (6.80 mmol) and sat. NaHCO3 (12.0 mL) was added dropwise. The 
reaction mixture was stirred at 0 °C for 25 min, the solution was quenched with sat. Na2S2O3. 
The aqueous layer was separated and extracted with Et2O (twice). The combined organic layers 
were washed with brine, dried over MgSO4 and concentrated under reduced pressure. The 
residue was used to the next reaction without further purification. To magnesium turnings (174 
mg, 7.15 mmol) in THF (2.0 mL) was added a small piece of iodine, and the mixture was stirred 
for 15 min. 1-Bromo-3-hexyne (960 mg, 5.96 mmol) in THF (3.0 mL) was added to the solution. 
The reaction mixture was refluxed for 30 min. After cooling to – 40 °C, the aldehyde in THF 
(1.0 mL) was added dropwise, and the solution was stirred for 1 h. It was quenched with sat. 
NH4Cl and extracted with Et2O (three times). The combined organic layers were washed with 
brine, dried over MgSO4 and concentrated under reduced pressure. The crude materials was 
purified by flash silica gel column chromatography (AcOEt:hexane = 1:30) to give 
1-((tert-butyldimethylsilyl)oxy)-2,2-dimethylnon-6-yn-3-ol (S6) (384 mg, 22%) as a colorless 
oil; 
1
H-NMR (400MHz, CDCl3) δ 3.55 (br s, 2H), 3.52 (d, J = 9.7 Hz, 1H), 3.45 (d, J = 9.7 Hz, 
1H), 2.41 (dddt, J = 16.4, 7.2, 4.8, 2.4 Hz, 1H), 2.25 (tt, J = 7.7, 2.4 Hz, 1H), 2.16 (qt, J = 7.5, 
2.4 Hz, 2H), 1.70-1.60 (m, 1H), 1.56-1.44 (m, 1H), 1.12 (t, J = 7.5 Hz, 3H), 0.90 (s, 9H), 0.87 
(s, 3H), 0.86 (s, 3H), 0.07 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 81.7, 79.5, 77.9, 73.1, 38.2, 
31.6, 25.8, 22.4, 19.1, 18.1, 15.9, 14.4, 12.4, -5.70, -5.71; IR (neat, cm-1): 3502, 1254, 1088, 




To a solution of the obtained alcohol S6 (479 mg, 1.60 mmol) in THF (16 mL) was added 
TBAF (1.0 M in THF) (2.4 mL, 2.4 mmol) at room temperature and the mixture was stirred for 
30 min. The solution was diluted with AcOEt, washed with sat. NH4Cl and extracted with 
AcOEt (three times). The combined organic layers were dried over Na2SO4 and concentrated 
under reduced pressure. The crude materials was purified by flash silica gel column 
chromatography (AcOEt:hexane = 1:4 to 1:2) to give 2,2-Dimethylnon-6-yne-1,3-diol (134g) 
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(286 mg, 97%) as a pale yellow oil; 1H-NMR (400MHz, CDCl3) δ 3.62 (d, J = 10.6 Hz, 1H), 
3.57 (d, J = 10.6 Hz, 1H), 3.47 (d, J = 10.6 Hz, 1H), 3.18 (s, 1H), 3.07 (s, 1H), 2.43-2.24 (m, 
2H), 2.17 (dt, J = 14.7, 2.4 Hz, 1H) , 2.16 (dt, J = 14.7, 2.4 Hz, 1H), 1.76-1.65 (m, 1H), 
1.62-1.48 (m, 1H), 1.12 (t, J = 7.6 Hz, 3H), 0.91 (s, 3H), 0.88 (s, 3H); 13C-NMR (100MHz, 
CDCl3) δ 82.8, 79.1, 79.0, 72.3, 38.3, 31.0, 22.5, 18.8, 16.2, 14.2, 12.3; IR (neat, cm
-1): 3357, 
1040; HRMS (ESI) calcd. for C11H20O2Na: 207.1356 [M+Na]
+, found: 207.1363. 
 
 
3-Hydroxy-2,2-dimethylnon-6-ynal (135g): pale yellow oil; 1H-NMR (400MHz, CDCl3) δ 
9.54 (s, 1H), 3.89 (d, J = 10.1 Hz, 1H), 2.51 (s, 1H), 2.43-2.27 (m, 2H), 2.17 (dt, J = 14.9, 2.4 
Hz, 1H), 2.15 (dt, J = 14.9, 2.4 Hz, 1H), 1.64 (dtd, J = 14.0, 7.2, 1.9 Hz, 1H), 1.59-1.48 (m, 1H), 
1.12 (t, J = 7.7 Hz, 3H), 1.10 (s, 3H), 1.06 (s, 3H); 13C-NMR (100MHz, CDCl3) δ 206.5, 82.9, 
78.6, 74.3, 50.3, 30.5, 18.9, 16.4, 16.0, 14.2, 12.4; IR (neat, cm-1): 3508, 1724, 1063; MS m/z 





Methyl 3-hydroxy-2,2-dimethylnon-6-ynoate (136g’): pale yellow oil; 1H-NMR (400MHz, 
CDCl3) δ 3.75 (ddd, J = 10.5, 6.2, 1.9 Hz, 1H), 3.71 (s, 3H), 2.61 (d, J = 6.2 Hz, 1H), 2.45-2.23 
(m, 2H), 2.17 (dt, J = 15.0, 2.4 Hz, 1H), 2.15 (dt, J = 15.0, 2.4 Hz, 1H), 1.66 (dtd, J = 13.5, 5.8, 
1.9 Hz, 1H), 1.53-1.41 (m, 1H), 1.20 (s, 3H), 1.18 (s, 3H), 1.11 (t, J = 7.4 Hz, 3H); 13C-NMR 
(100MHz, CDCl3) δ 178.0, 82.4, 78.9, 75.8, 51.9, 47.0, 31.2, 22.3, 20.3, 16.1, 14.3, 12.4; IR 
(neat, cm-1): 3509, 1726, 1134; MS m/z 212 [M]+, 102 (100%); HRMS (EI) calcd. for C12H20O3: 







 (134h): white solid; [α]D
25 +110.3 (c 0.55, CHCl3); mp 254-255 °C (Acetone); 
1H-NMR (400MHz, CDCl3) δ 5.59 (s, 1H), 3.55 (d, J = 10.6 Hz, 1H), 3.46 (d, J = 10.6 Hz, 1H), 
3.22 (dd, J = 10.6, 5.3 Hz, 1H), 2.78 (dt, J = 13.6, 3.4 Hz, 1H), 2.34 (s, 1H), 2.14-2.02 (m, 2H), 
1.82 (td, J = 13.5, 4.4 Hz, 1H), 1.72-1.53 (m, 7H), 1.53-1.24 (m, 7H), 1.38 (s, 3H), 1.24-1.10 
(m, 1H), 1.131 (s, 3H), 1.126 (s, 3H), 1.10-0.88 (m, 2H), 1.00 (s, 3H), 0.92 (s, 3H), 0.86 (s, 3H), 
0.80 (s, 3H), 0.70 (d, 12.0 Hz, 1H) ; 13C-NMR (100MHz, CDCl3) δ 200.2, 169.8, 128.3, 78.7, 
66.2, 61.7, 54.9, 47.0, 45.4, 43.4, 40.3, 39.1, 37.1, 35.9, 35.4, 32.7, 32.3, 29.4, 28.5, 28.1, 27.3, 
27.2, 26.7, 26.4, 23.4, 18.7, 17.5, 16.3, 15.5; IR (neat, cm-1): 3398, 1650, 732; MS m/z 456 [M]+, 
289 (100%); HRMS (EI) calcd. for C30H48O3: 456.3604 [M]





 (135h): white foam; [α]D
26 +140.8 (c 0.51, CHCl3); mp 246-247 °C 
(CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 9.42 (s, 1H), 5.66 (s, 1H), 3.23 (dd, J = 10.6, 
5.3 Hz, 1H), 2.79 (dt, J = 13.6, 3.4 Hz, 1H), 2.34 (s, 1H), 2.14-1.96 (m, 2H), 1.96-1.77 (m, 3H), 
1.77-1.52 (m, 6H), 1.52-1.34 (m, 7H), 1.34-1.09 (m, 8H), 1.09-0.90 (m, 8H), 0.81 (s, 3H), 0.80 
(s, 3H), 0.70 (d, J = 10.6 Hz, 1H); 13C-NMR (100MHz, CDCl3) δ 205.6, 200.0, 168.5, 128.6, 
78.7, 61.8, 54.9, 47.6, 46.8, 45.4, 43.2, 39.13, 39.11, 38.4, 37.1, 32.7, 31.9, 28.5, 28.3, 28.1, 
27.3, 26.4, 26.1, 24.0, 23.7, 18.7, 17.5, 16.3, 15.5; IR (neat, cm-1): 3461, 1728, 1655, 755; MS 
m/z 454 [M]+, 287 (100%); HRMS (EI) calcd. for C30H46O3: 454.3447 [M]





Synthesis of diol 134i 
 
 
To a solution of ester S737 (300 mg, 0.788 mmol) in MeOH (0.8 mL) and THF (8 mL) was 
added dropwise LiBH4 (3.0 M in THF, 2.6 mL, 7.9 mmol) at 0 °C, and then the reaction mixture 
was stirred at 50 °C for 13 h. After cooling to 0 °C, the solution was quenched with sat. NH4Cl 
and extracted with AcOEt (three times). The combined organic layers were dried over Na2SO4 
and concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (AcOEt : hexane = 1 : 8 to 1 : 4) to yield diol 134i (180 mg, 67%) as a white 
solid; [α]D
24 +12.9 (c 0.60, CHCl3); 
1H-NMR (600MHz, CDCl3) δ 4.96 (d, J = 11.1 Hz, 1H), 
4.34 (dd, J = 5.6, 5.6 Hz, 1H), 3.80 (dd, J = 10.5, 5.6 Hz, 1H), 3.53 (dd, J = 10.5, 7.2 Hz, 1H), 
3.49 (ddd, J = 11.1, 9.8, 2.2 Hz, 1H), 2.12-2.04 (m, 1H), 2.01-1.94 (m, 1H), 1.87 (dd, J = 14.1, 
9.8 Hz, 1H), 1.82-1.73 (m, 2H), 1.68-1.60 (m, 1H), 1.60-1.52 (m, 2H), 1.35-1.14 (m, 3H), 1.28 
(d, J = 14.1 Hz, 1H), 1.09-1.02 (m, 1H), 0.93 (s, 9H), 0.88 (s, 3H), 0.13 (s, 3H), 0.12 (s, 3H); 
13C-NMR (150MHz, CDCl3) δ 74.6, 72.9, 64.4, 53.0, 50.7, 45.0, 42.9, 36.1, 34.7, 32.8, 31.3, 
29.2, 25.8, 24.7, 18.0, -4.7, -4.9; IR (neat, cm-1): 3408, 3298, 991; MS m/z 283 [M-tBu]+, 191 
(100%); HRMS (EI) calcd. for C15H27O3Si: 283.1730 [M-tBu]
+, found: 283.1733. 
 
 
Hydroxyaldehyde 135i: pale yellow oil; [α]D
25 +60.7 (c 1.10, CHCl3); 
1H-NMR (400MHz, 
CDCl3) δ 9.87 (d, J = 2.4 Hz, 1H), 4.88 (d, J = 11.6 Hz, 1H), 4.16 (t, J = 5.8 Hz, 1H), 3.60-3.47 
(m, 1H), 2.50 (d, J = 9.7 Hz, 1H), 2.27-2.07 (m, 2H), 2.07-1.86 (m, 2H), 1.86-1.74 (m, 1H), 
1.64-1.48 (m, 2H), 1.48-1.22 (m, 3H), 1.22-1.10 (m, 1H), 1.10 (s, 3H), 0.92 (s, 9H), 0.07 (s, 3H), 
0.05 (s, 3H);
 13
C-NMR (100MHz, CDCl3) δ 204.6, 73.2, 72.5, 54.5, 50.2, 46.6, 44.3, 36.1, 34.6, 
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34.0, 31.2, 29.9, 25.7, 24.7, 18.0, -4.9, -5.1; IR (neat, cm-1): 3410, 1718, 1255; MS m/z 281 
[M-tBu]+, 263 (100%); HRMS (EI) calcd. for C15H25O3Si: 281.1573 [M-tBu]
+, found: 281.1576. 
 
 
Hydroxy acid 136i: white solid; [α]D
21 +16.5 (c 0.57, CHCl3); 
1H-NMR (400MHz, CDCl3) δ 
4.96 (d, J = 11.2 Hz, 1H), 4.18 (dd, J = 5.2, 5.2 Hz, 1H), 3.61-3.51 (m, 1H), 2.58 (d, J = 10.2 
Hz, 1H), 2.19 (dd, J = 9.8, 5.4 Hz, 1H), 2.15-1.87 (m, 3H), 1.87-1.73 (m, 1H), 1.65-1.52 (m, 
2H), 1.52-1.40 (m, 1H), 1.40-1.22 (m, 2H), 1.12-1.01 (m, 1H), 0.96 (s, 3H), 0.93 (s, 9H), 0.11 (s, 
3H), 0.10 (s, 3H); 13C-NMR (100MHz, CDCl3) δ 179.7, 73.2, 72.6, 50.6, 49.4, 47.4, 44.2, 35.8, 
34.1, 33.9, 30.9, 28.6, 25.7, 24.7, 18.0, -4.9, -5.3; IR (neat, cm-1): 3284, 1718, 1259, 1178; MS 







 (134j): white solid; [α]D
25 +76.3 (c 0.68, CHCl3); mp 227-228 °C 
(CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 5.20 (t, J = 3.4 Hz, 1H), 3.56 (d, J = 11.1 Hz, 
1H), 3.22 (d, J = 10.6 Hz, 2H), 1.99 (dd, J = 13.3, 4.2 Hz, 1H), 1.95-1.84 (m, 3H), 1.80-1.50 (m, 
10H), 1.50-1.13 (m, 10H), 1.12-0.70 (m, 22H); 13C-NMR (100MHz, CDCl3) δ 144.2, 122.4, 
79.0, 69.7, 55.2, 47.6, 46.5, 42.3, 41.7, 39.8, 38.8, 38.6, 36.9, 34.1, 33.2, 32.6, 31.0, 30.9, 28.1, 
27.2, 25.9, 25.5, 23.57, 23.55, 23.51, 22.0, 18.3, 16.7, 15.6, 15.5; IR (neat, cm-1): 3353, 1043, 









 (135j): white solid; [α]D
22 +68.7 (c 0.41, CHCl3); mp 184-185 °C 
(CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 9.40 (s, 1H), 5,34 (t, J = 3.5 Hz, 1H), 3.21 (dd, 
J = 11.2, 4.4 Hz, 1H), 2.63 (dd, J = 13.7, 4.4 Hz, 1H), 1.98 (td, J = 13.6, 3.9 Hz, 1H), 1.89 (t, J 
= 3.9 Hz, 1H), 1.87 (m, 1H), 1.80-0.60 (m, 41H); 13C-NMR (100MHz, CDCl3) δ 207.5, 142.9, 
123.2, 78.9, 55.2, 49.1, 47.5, 45.6, 41.7, 40.4, 39.5, 38,7, 38.4, 37.0, 33.1, 33.0, 32.7, 30.6, 28.1, 
27.7, 27.1, 26.7, 25.5, 23.40, 23.38, 22.1, 18.3, 17.0, 15.6, 15.3; IR (neat, cm-1): 3509, 1712, 





N-Benzyloxycarbonyl-4-hydroxyprolinol (134m): 1H-NMR (400MHz, CDCl3) δ 7.46-7.27 (m, 
5H), 5.14 (s, 2H), 4.65 (br s, 1H), 4.50-4.32 (m, 1H), 4.28-4.01 (m, 1H), 3.87-3.70 (m, 1H), 
3.70-3.54 (m, 2H), 3.48 (dd, J = 3.4 Hz, 12.1 Hz, 1H), 2.30 (br s, 1H), 2.16-1.96 (m, 1H), 
1.80-1.62 (m, 1H); 13C-NMR (100MHz, CDCl3) δ 157.1, 136.2, 128.4, 128.0, 127.8, 69.0, 67.3, 
65.9, 59.2, 55.5, 37.2; IR (neat, cm-1): 3398, 2946, 1678, 1426, 1360, 1119; MS m/z 251 [M]+, 
220 (100%); HRMS (EI) calcd C13H17NO4: 251.1158 [M]





 (134n): white solid; mp 
159-160 °C (CHCl3-hexane); 
1H-NMR (400MHz, CDCl3) δ 4.00 (dd, J = 8.1 Hz, 3.7 Hz, 1H), 
3.93 (d, J = 11.1 Hz, 1H), 3.75 (d, J = 11.1 Hz, 1H), 2.76 (br s, 1H), 2.35 (br s, 1H), 1.88-1.65 
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(m, 4H), 1.56-1.43 (m, 1H), 1.19 (s, 3H), 1.17-1.00 (m, 2H), 0.90 (s, 3H); 13C-NMR (100MHz, 
CDCl3) δ 78.6, 63.3, 52.9, 46.5, 46.0, 40.4, 30.0, 26.9, 21.0, 20.6; IR (neat, cm
-1): 3343, 1067; 
MS m/z 152 [M-H2O]







 (134o): white solid; mp 66-67 °C 
(Et2O-hexane); [α]D
22 +159.7 (c 0.56, CHCl3); 
1H-NMR (400MHz, CDCl3) δ 4.90 (d, J = 1.9 Hz, 
1H), 3.89 (sept, J = 6.3 Hz, 1H), 3.85-3.74 (m, 2H), 3.68-3.56 (m, 2H), 2.65 (br s, 1H), 2.49 (br 
s, 1H), 1.91-1.79 (m, 2H), 1.87-1.67 (m, 2H), 1.21 (d, J = 6.3 Hz, 3H), 1.14 (d, J = 6.3 Hz, 3H); 
13C-NMR (100MHz, CDCl3) δ 93.7, 72.8, 68.0, 67.3, 63.1, 29.7, 27.1, 23.3, 21.3; IR (neat, 
cm-1): 3284, 1124; HRMS (ESI) calcd. for C9H18O4Na: 213.1097 [M+Na]
+, found: 213.1105. 
 
 
Methyl (isopropyl 2,3-dideoxy-α,D-glucopyranoside)urinate (136o’): colorless oil; [α]D
29 
+95.9 (c 2.56, CHCl3); 
1H-NMR (400MHz, CDCl3) δ 5.01 (t, J = 2.4 Hz, 1H), 4.19 (d, J = 9.2 
Hz, 1H), 3.95 (sept, J = 6.3 H, 1H), 3.83 (s, 3H), 3.84-3.74 (m, 1H), 3.15 (s, 1H), 1.98-1.81 (m, 
2H), 1.81-1.72 (m, 2H), 1.23 (d, J = 6.3 Hz, 3H), 1.15 (d, J = 6.3 Hz, 3H); 13C-NMR (100MHz, 
CDCl3) δ 172.3, 94.3, 72.2, 68.7, 67.4, 52.4, 28.9, 25.8, 23.2, 21.3; IR (neat, cm
-1): 3476, 1750, 







 (134p): white solid; mp 118-120 °C 
(CHCl3-hexane); [α]D
24
 +20.3 (c 0.20, CH3CN); 
1
H-NMR (400MHz, CDCl3) δ 7.40-7.26 (m, 
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10H), 4.97 (d, J = 11.2 Hz, 1H), 4.93 (d, J = 11.2 Hz, 1H), 4.71 (d, J = 11.2 Hz, 1H), 4.67 (d, J 
= 11.2 Hz, 1H), 4.37 (d, J = 7.3 Hz, 1H), 3.89 (ddd, J = 12.0, 6.3, 3.9 Hz, 1H), 3.77 (ddd, J = 
12.0, 7.0, 5.3 Hz, 1H), 3.58 (s, 3H), 3.55 (td, J = 9.0, 2.4 Hz, 1H), 3.45 (t, J = 9.0 Hz, 1H), 3.39 
(t, J = 7.3 Hz, 1H), 3.34 (ddd, J = 9.0, 5.3, 3.9 Hz, 1H), 2.24 (d, J = 2.4 Hz, 1H), 2.01 (dd, J = 
7.0, 6.3 Hz, 1H); 13C-NMR (100MHz, CDCl3) δ 138.5, 138.3, 128.6, 128.4, 128.1, 128.0, 127.9, 
127.7, 105.0, 83.8, 82.0, 75.2, 74.8, 74.6, 70.4, 62.7, 57.3; IR (neat, cm-1): 3420, 1061, 737, 







 (136p’): colorless oil; [α]D
29 
-14.5 (c 2.05, CHCl3); 
1H-NMR (400MHz, CDCl3) δ 7.38-7.25 (m, 10H), 4.90 (d, J = 11.2 Hz, 
1H), 4.89 (d, J = 11.2 Hz, 1H), 4.80 (d, J = 11.2 Hz, 1H), 4.71 (d, J = 11.2 Hz, 1H), 4.37 (d, J 
= 8.3 Hz, 1H), 3.87-3.81 (m, 2H), 3.83 (s, 3H), 3.59 (s, 3H), 3.52 (dd, J = 8.3, 8.3 Hz, 1H), 3.44 
(dd, J = 8.3, 8.3 Hz, 1H), 2.80 (s, 1H); 13C-NMR (100MHz, CDCl3) δ 169.7, 138.4, 138.3, 
128.4, 128.3, 128.0, 127.9, 127.8, 127.7, 105.0, 83.0, 81.1, 75.3, 74.8, 74.2, 71.7, 57.4, 52.7; IR 
(neat, cm-1): 3490, 1749, 1069, 738, 698; HRMS (ESI) calcd. for C22H26O7Na: 425.1571 
[M+Na]+, found: 425.1581. 
 




To a solution of methyl 3,5-di-O-benzyl-α-D-ribofuranoside53 (S8) (1.59 g, 4.62 mmol) in DMF 
(12 mL) was added NaH (60% dispersion in mineral oil, 462 mg, 11.6 mmol) at 0 °C. The 
mixture was stirred for 10 min at 0 °C and then stirred for 30 min at room temperature. The 
reaction mixture was quenched with water at 0 °C. The solution was extracted with Et2O (twice), 
and the organic layers were washed with brine, dried over Na2SO4 and concentrated under 
reduced pressure. The residue was purified by flash silica gel column chromatography 
(AcOEt:hexane = 1:4) to yield n-butyl ether S9 (1.76 g, 95%) as a pale yellow oil; [α]D
25 +103 
(c 0.280, CHCl3);
 1H-NMR (400MHz, CDCl3) δ 7.40-7.21 (m, 10H), 4.97 (d, J = 4.4 Hz, 1H), 
4.70 (d, J = 12.7 Hz, 1H), 4.59 (d, J = 12.7 Hz, 1H), 4.52 (d, J = 12.2 Hz, 1H), 4.46 (d, J = 
12.2 Hz, 1H), 4.23 (ddd, J = 4.4, 3.9, 2.9 Hz, 1H), 3.84 (dd, J = 6.8, 2.9 Hz, 1H), 3.72 (dd, J = 
6.8, 4.4 Hz, 1H), 3.58-3.42 (m, 2H), 3.46 (s, 3H), 3.44 (dd, J = 10.3, 3.9 Hz, 1H), 3.38 (dd, J = 
10.3, 4.4 Hz, 1H), 1.73-1.58 (m, 2H), 1.48-1.31 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H); 13C-NMR 
(100MHz, CDCl3) δ 138.4, 138.0, 128.4, 128.21, 128.19, 127.7, 127.5, 102.4, 82.1, 79.5, 75.0, 
73.5, 72.3, 70.8, 70.2, 55.4, 31.8, 19.2, 13.9; IR (neat, cm-1): 1109, 1028, 736, 698; MS m/z 400 
[M]+, 219 (100%); HRMS (EI) calcd. for C24H32O5:400.2250 [M]
+, found: 400.2250. 
 
To a solution of 20% Pd(OH)2/C (wetted with 50% water, 170 mg) in MeOH (5 mL) and AcOEt 
(35 mL) was added n-butyl ether S9 (1.70 g, 4.24 mmol). The reaction flask was purged with H2 
three times, and then the reaction mixture was stirred at room temperature under H2 atmosphere 
for 50 min. The catalyst was removed by filtration through Celite®. The filtrate was 
concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (AcOEt:hexane = 1:1) to yield methyl 2-O-n-butyl-α-D-ribofuranoside (134q) 
(730 mg, 78%) as a colorless oil; [α]D
28 +88.8 (c 1.04, CHCl3); 
1H-NMR (400MHz, CDCl3) δ 
4.98 (d, J = 3.9 Hz, 1H), 4.21-4.14 (m, 1H), 4.09 (dd, J = 6.3, 1.9 Hz, 1H), 3.81 (dd, J = 11.7, 
2.9 Hz, 1H), 3.78 (dd, J = 6.3, 4.4 Hz, 1H), 3.70 (dd, J = 11.7, 2.9 Hz, 1H), 3.64 (dt, J = 9.2, 
6.8 Hz, 1H), 3.57 (dt, J = 9.2, 6.8 Hz, 1H), 3.45 (s, 3H), 1.65 (q, J = 6.8 Hz, 1H), 1.63 (q, J = 
6.8 Hz, 1H), 1.40 (sext, J = 7.3 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H); 13C-NMR (100MHz, CDCl3) 
δ 102.6, 86.4, 79.3, 70.7, 69.6, 62.9, 55.1, 31.7, 19.1, 13.8; IR (neat, cm-1): 3375, 1033; HRMS 
(ESI) calcd. for C10H20O5Na: 243.1203 [M+Na]




Methyl (methyl 2-O-n-butyl-α-D-ribofuranoside)urinate (136q’): colorless oil; [α]D
28 +83.9 
(c 1.13, CHCl3); 
1H-NMR (400MHz, CDCl3) δ 5.11 (d, J = 4.4 Hz, 1H), 4.65 (d, J = 2.0 Hz, 
1H), 4.29 (ddd, J = 8.8, 5.9, 2.0 Hz, 1H), 3.86 (dd, J = 5.9, 4.4 Hz, 1H), 3.79 (s, 3H), 3.63 (dt, J 
= 9.3, 6.8 Hz, 1H), 3.56 (dt, J = 9.3, 6.8 Hz, 1H), 3.48 (s, 3H), 3.21 (d, J = 8.8 Hz, 1H), 1.65 (q, 
J = 6.8 Hz, 1H), 1.63 (q, J = 6.8 Hz, 1H), 1.39 (sext, J = 7.3 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H); 
13C-NMR (100MHz, CDCl3) δ 170.7, 102.6, 83.7, 78.2, 71.8, 70.6, 55.5, 52.4, 31.6, 19.0, 13.7; 
IR (neat, cm-1): 3528, 1753, 1055; MS m/z 247 [M-H]+, 159 (100%); HRMS (EI) calcd. for 
C11H19O6:247.1182 [M-H]






. To a solution of DMN-AZADO (294 mg, 1.77 mmol) in 
H2O (0.45 mL) was added 42% HBF4 (0.37 mL, 1.77 mmol) in H2O (0.15 mL) dropwise at 
room temperature. After cooling to 0 °C, aqueous NaOCl (0.885 mmol) was added slowly and 
stirred for 30 min at 0 °C. The reaction mixture was filtered and the precipitate was washed with 
ice-cold 5% NaHCO3, water and Et2O. The obtained solid was dried under reduce pressure to 
afford DMN-AZADO+BF4
- (219 mg, 49%) as a yellow solid; Anal.: calcd. for C10H16NOBF4: C, 





 134r: white solid; [α]D
27 +58.3° (c 0.53, CHCl3); 
1H-NMR (400 MHz, CDCl3) δ 6.28 
(s, 1H), 4.27-4.19 (m, 2H), 4.04 (d, J = 12.0 Hz, 1H), 3.83 (dt, J = 9.2, 4.8 Hz, 1H), 
3.63-3.61 (m, 2H), 3.53 (s, 3H), 3.45 (ddd, J = 12.0, 6.0, 2.6 Hz, 1H), 3.37 (br s, 1H), 3.21 
(d, J = 10.4 Hz, 1H), 2.96 (dd, J = 16.4, 2.0 Hz, 1H), 2.74 (dd, J = 16.8, 12.8 Hz, 1H), 2.08 
(s, 3H), 2.02-1.91 (m, 3H), 1.77-1.65 (m, 2H), 1.48 (br s, 1H), 1.29 (sept, J = 7.2 Hz, 6H), 
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1.11-1.07 (m, 36H), 1.04 (s, 3H), 0.95 (s, 3H), 0.88 (s, 3H), 0.83 (s, 9H), 0.08 (s, 3H), 0.00 
(s, 3H); 13C-NMR (100 MHz, CDCl3) δ 164.1, 159.0, 157.7, 141.6, 118.1, 109.7, 109.5, 80.8, 
79.4, 75.8, 72.5, 67.9, 62.2, 59.0, 39.8, 38.0, 34.5, 30.4, 29.1, 25.9, 25.8, 24.1, 18.0, 18.0, 
17.9, 13.3, 13.1, 11.7, 8.6, -3.2, -4.7; IR (neat, cm-1): 3440, 1705, 1172, 1085; HRMS (ESI) 
calcd. for C48H91O9Si3: 895.5965 [M+H]
+, found: 895.5941. 
 
 
Hydroxy acid 136r: white solid; [α]D
28 +62.8° (c 0.96, CHCl3); 
1H-NMR (400 MHz, 
CDCl3) δ 6.29 (s, 1H), 4.45 (dd, J = 11.0, 3.8 Hz, 1H), 4.25 (dq, J = 13.0, 2.8 Hz, 1H) 
4.19-4.14 (m, 1H), 3.77 (d, J = 8.4 Hz, 1H), 3.70 (dd, J = 5.6, 3.2 Hz, 1H), 3.46-3.42 (m, 
1H), 3.42 (s, 3H), 2.97 (dd, J = 16.8, 13.2 Hz, 1H), 2.85 (dd, J = 16.6, 2.6 Hz, 1H), 2.42 (t, J 
= 11.2 Hz, 1H), 2.17 (t, J = 6.6 Hz, 1H), 2.07 (s, 3H), 2.00-1.94 (m, 1H), 1.87-1.84 (m, 1H), 
1.55 (td, J = 10.8, 3.2 Hz, 1H), 1.30 (sept, J = 8.0 Hz, 6H), 1.34-1.26 (m, 1H), 1.13-1.08 (m, 
36H), 1.03 (s, 3H), 0.97 (d, J = 7.2 Hz, 3H), 0.93 (s, 3H), 0.88 (s, 9H), 0.15 (s, 3H), 0.04 (s, 
3H); 13C-NMR (100 MHz, CDCl3) δ : 172.4, 166.2, 159.3, 157.8, 142.2, 118.1, 109.2, 109.2, 
83.1, 79.8, 72.6, 68.1, 66.4, 58.2, 37.2, 36.9, 33.4, 31.7, 28.2, 26.1, 25.8, 18.0, 18.0, 18.0, 
17.9, 13.2, 13.1, 11.7, 8.1, -3.1, -4.5; IR (neat, cm-1): 3405, 1727, 1173, 1090; HRMS (ESI) 
calcd. for C48H89O10Si3: 909.5764 [M+H]





 (108): white solid; mp 43-45 °C (CHCl3-hexane); 
1H-NMR (400MHz, 
CDCl3) δ 3.63 (t, J = 6.5 Hz, 2H), 3.64-3.47 (m, 1H), 1.98 (br s, 1H), 1.77 (br s, 1H), 1.58 
(quint, J = 6.5 Hz, 2H), 1.56-1.20 (m, 16H), 0.88 (t, J = 6.5 Hz, 3H); 13C-NMR (100MHz, 
CDCl3) δ 71.8, 62.7, 37.5, 37.3, 32.6, 31.8, 29.3, 25.7, 25.6, 25.3, 22.6, 14.0; IR (neat, cm
-1): 
3317; HRMS (ESI) calcd. for C12H26O2Na: 225.1825 [M+Na]






 (109): pale yellow oil; 1H-NMR (400MHz, CDCl3) δ 4.23 (td, J = 7.8, 
3.9 Hz, 1H), 2.78-2.48 (m, 2H), 2.06-1.81 (m, 3H), 1.81-1.40 (m, 6H), 1.40-1.18 (m, 7H), 0.88 
(t, J = 6.4 Hz, 3H); 13C-NMR (100MHz, CDCl3) δ 175.8, 80.5, 36.3, 34.9, 34.5, 31.6, 29.0, 28.2, 
25.3, 23.0, 22.5, 14.0; IR (neat, cm-1): 1730; MS m/z 199 [M+H]+, 85 (100%); HRMS (EI) calcd. 
for C12H23O2: 199.1698 [M+H]
+, found: 199.1688. 
 
Synthesis of 1-((1S,3R)-3-(2-hydroxyethyl)-2,2-dimethylcyclopropyl)propan-2-ol (134s) 
 
 
A solution of (+)-3-carene (S10) (128 mg, 0.940 mmol) in pyridine (0.24 mL) and CH2Cl2 (5 
mL) was cooled to -78 °C, and excess ozone was bubbled into the solution for 30 min. After 
argon gas was bubbled into the reaction mixture to purge ozone away, THF (5 mL) and NaBH4 
(533 mg, 14.1 mmol) were added portionwise. The mixture was stirred at 0 °C for 2 h and then 
quenched with H2O. The solution was extracted with CH2Cl2 (three times), and the organic 
layers were dried over MgSO4 and concentrated under reduced pressure. The residue was 
purified by flash silica gel column chromatography (AcOEt:hexane = 1:2 to 1:1) to yield 
1-((1S,3R)-3-(2-hydroxyethyl)-2,2-dimethylcyclopropyl)propan-2-ol55 (134s) (97.5 mg, 60%) as 
a mixture of two diastereomers; 1H-NMR (400MHz, CDCl3) δ 3.87 (sext, J = 6.0 Hz, 0.5H), 
3.86 (sext, J = 6.0 Hz, 0.5H), 3.77-3.63 (m, 1H), 3.67 (t, J = 6.8 Hz, 1H), 2.13 (br s, 1H), 1.74 
(br s, 1H), 1.59-1.44 (m, 1H), 1.52 (q, J = 6.8 Hz, 1H), 1.44-1.34 (m, 2H), 1.22 (d, J = 6.0 Hz, 
1.5H), 1.21 (d, J = 6.0 Hz, 1.5H), 1.06 (s, 1.5H), 1.05 (s, 1.5H), 0.94 (s, 1.5H), 0.91 (s, 1.5H), 
0.61-0.47 (m, 2H); 13C-NMR (100MHz, CDCl3) δ 68.5, 67.6, 62.52, 62.47, 33.5, 33.4, 28.9, 
27.6, 27.3, 23.3, 23.0, 22.6, 22.5, 22.1, 16.3, 15.9, 15.00, 14.96; IR (neat, cm-1): 3316, 1057; MS 
m/z 172 [M]+, 128 (100%); HRMS (EI) calcd. for C10H20O2: 172.1463 [M]







 (142s): colorless oil; 1H-NMR 
(400MHz, CDCl3) δ 4.63 (dq, J = 10.1, 6.3 Hz, 0.5H), 4.14 (dqd, J = 12.0, 6.0, 3.0 Hz, 0.5H), 
3.17 (dd, J = 15.5, 4.8 Hz, 0.5H), 2.97 (dd, J = 15.5, 4.1 Hz, 0.5H), 2.77 (dd, J = 14.5, 8.0 Hz, 
0.5H), 2.42 (dd, J = 14.5, 10.1 Hz, 0.5H), 2.20-2.02 (m, 1H), 1.87 (dd, J = 15.5, 1.9 Hz, 0.5H), 
1.80 (ddd, J = 15.9, 10.6, 5.3 Hz, 0.5H), 1.32 (d, J = 6.0 Hz, 1.5H), 1.31 (d, J = 6.0 Hz, 1.5H), 
1.074 (s, 1.5H), 1.067 (s, 1.5H), 1.05 (s, 1.5H), 1.04 (s, 1.5H), 1.03-0.85 (m, 1H), 0.78-0.65 (m, 
1H); 13C-NMR (100MHz, CDCl3) δ 173.8, 173.1, 76.9, 73.9, 33.0, 30.7, 30.6, 29.1, 29.0, 28.5, 
22.1, 22.0, 21.7, 20.7, 19.9, 19.8, 18.7, 18.0, 14.8, 14.7; IR (neat, cm-1): 1734; MS m/z 168 [M]+, 
81 (100%); HRMS (EI) calcd. for C10H16O2: 168.1150 [M]




57 (143): colorless solid; mp 50-51 °C (CHCl3-hexane); 
1H-NMR 
(400MHz, CDCl3) δ 7.40-7.32 (m, 4H), 7.32-7.23 (m, 1H), 4.67 (t, J = 6.6 Hz, 1H), 3.62 (t, J = 
6.3 Hz, 2H), 1.97-1.66 (m, 3H), 1.64-1.51 (m, 2H), 1.51-1.20 (m, 5H); 13C-NMR (100MHz, 
CDCl3) δ 144.8, 128.4, 127.5, 125.8, 74.5, 62.7, 38.9, 32.5, 25.6, 25.5; IR (neat, cm
-1): 3329, 







 (144): colorless oil; 1H-NMR (400MHz, CDCl3) δ 9.75 (t, J = 
1.8 Hz, 1H), 7.38-7.26 (m, 5H), 4.68 (t, J = 6.6 Hz, 1H), 2.42 (td, J = 7.4, 2.0 Hz, 2H), 
1.91-1.61 (m, 5H), 1.54-1.40 (m, 1H), 1.40-1.25 (m, 1H); 13C-NMR (100MHz, CDCl3) δ 202.6, 
144.6, 128.4, 127.5, 125.8, 74.2, 43.7, 38.6, 25.2, 21.8; IR (neat, cm-1): 3417, 1721, 763, 702; 
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 (145): colorless oil; 1H-NMR (400MHz, CDCl3) δ 
8.00-7.93 (m, 2H), 7.59-7.52 (m, 1H), 7.50-7.42 (m, 2H), 3.68 (td, J = 6.8, 5.4 Hz, 2H), 2.99 (t, 
J = 7.3 Hz, 2H), 1.79 (tt, J = 7.8, 7.3 Hz, 2H), 1.64 (tt, J = 6.8, 6.8 Hz, 2H), 1.52-1.41 (m, 2H), 
1.30 (t, J = 5.4 Hz, 1H); 13C-NMR (100MHz, CDCl3) δ 200.4, 137.0, 132.9, 128.5, 128.0, 62.6, 
38.4, 32.5, 25.4, 23.9; IR (neat, cm-1): 3393, 1683, 750, 690; MS m/z 192 [M]+, 105 (100%); 
HRMS (EI) calcd. for C12H16O2: 192.1150 [M]





 (146): colorless oil; 
1
H-NMR (400MHz, CDCl3) δ 9.80 (t, J = 1.5 Hz, 
1H), 8.00-7.92 (m, 2H), 7.61-7.53 (m, 1H), 7.51-7.43 (m, 2H), 3.02 (t, J = 6.8 Hz, 2H), 2.51 (td, 
J = 5.7, 1.5 Hz, 2H), 1.86-1.67 (m, 4H); 13C-NMR (100MHz, CDCl3) δ 202.1, 199.6, 136.8, 
132.9, 128.5, 127.9, 43.7, 38.0, 23.5, 21.6; IR (neat, cm-1): 1714, 1682, 741, 687; MS m/z 190 
[M]+, 105 (100%); HRMS (EI) calcd. for C12H14O2: 190.0994 [M]
+, found: 190.0996. 
 
Synthesis of 2,2-dimethylundecane-1,11-diol (149) 
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To a solution of ethyl isobutyrate (S11) (800 mg, 6.89 mmol) in THF (17 mL) was added LDA 
(ca. 0.7 M THF-hexane solution, 6.90 mmol) dropwise at -40 °C. The mixture was stirred for 1 
h at -40 °C and then 1,9-dibromononane (1.96 mL, 9.65 mmol) was added. The mixture was 
stirred at -40 °C for 1 h and at room temperature for 1 h. The reaction mixture was quenched 
with water at 0 °C. The solution was extracted with AcOEt, and the organic layers were washed 
with brine, dried over MgSO4 and concentrated under reduced pressure. The residue was 
purified by flash silica gel column chromatography (AcOEt:hexane = 1:40) to yield bromoester 
S13 (763 mg, 35%) as a colorless oil; 1H-NMR (400MHz, CDCl3) δ 4.11 (q, J = 7.3 Hz, 2H), 
3.40 (t, J = 6.8 Hz, 2H), 1.85 (quint, J = 7.3 Hz, 2H), 1.53-1.46 (m, 2H), 1.46-1.36 (m, 2H), 
1.34-1.17 (m, 13H), 1.15 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 178.1, 60.1, 42.1, 40.7, 34.0, 
32.8, 30.0, 29.3, 28.7, 28.1, 25.1, 24.9, 14.2; IR (neat, cm-1): 1728, 1150; MS m/z 320 [M]+, 116 
(100%); HRMS (EI) calcd. for C15H29O2Br: 320.1351 [M]
+, found: 320.1331. 
 
To a solution of bromoester S13 (568 mg, 1.77 mmol) in Et2O (19 mL) was added LiAlH4 (161 
mg, 4.26 mmol) portionwise at 0 °C. After stirring for 20 min, the mixture was stirred at room 
temperature for 25 min. The reaction mixture was quenched with water at 0 °C. The solution 
was extracted with Et2O, and the organic layers were washed with brine, dried over MgSO4 and 
concentrated under reduced pressure. The residue was used in the next reaction without further 
purification. To a solution of alcohol S14 in DMSO (2.5 mL) – H2O (5 mL) was added K2CO3 
(490 mg, 3.54 mmol). The solution was heated at 130 °C for 8 h. After cooling to room 
temperature, the reaction mixture was diluted with H2O and extracted with Et2O. The organic 
layers were washed with brine, dried over MgSO4 and concentrated under reduced pressure. The 
residue was purified by flash silica gel column chromatography (AcOEt:hexane = 1:2) to yield 
2,2-dimethylundecane-1,11-diol (149) (324 mg, 85%) as a colorless oil; 1H-NMR (400MHz, 
CDCl3) δ 3.64 (t, J = 6.3 Hz, 2H), 3.31 (s, 2H), 1.57 (quint, J = 6.8 Hz, 2H), 1.41-1.17 (m, 
14H), 0.86 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 71.9, 62.9, 38.6, 34.9, 32.7, 30.5, 29.5, 29.4, 
25.7, 23.78, 23.76; IR (neat, cm-1): 3340, 2927, 1045; MS m/z 217 [M+H]+, 69 (100%); HRMS 
(EI) calcd. for C13H29O2: 217.2162 [M+H]





11-Hydroxy-10,10-dimethylundecanal (150): colorless oil; 
1
H-NMR (400MHz, CDCl3) δ 9.77 
(t, J = 1.9 Hz, 1H), 3.31 (s, 2H), 2.42 (td, J = 7.2, 1.9 Hz, 2H), 1.63 (quint, J = 7.2, 2H), 
1.40-1.17 (m, 12H), 0.89 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 202.9, 72.0, 43.8, 38.6, 35.0, 
30.4, 29.4, 29.3, 29.1, 23.79, 23.75, 22.0; IR (neat, cm-1): 3408, 2928, 1725, 1043; MS m/z 214 
[M]+, 109 (100%); HRMS (EI) calcd. for C13H26O2: 214.1933 [M]
+, found: 214.1897. 
 
 
2,2-dimethylundecanedial (151): 1H-NMR (400MHz, CDCl3) δ 9.76 (t, J = 1.7 Hz, 1H), 9.44 
(s, 1H), 2.41 (td, J = 7.2, 1.7 Hz, 2H), 1.62 (quint, J = 7.2, 2H), 1.49-1.40 (m, 2H), 1.40-1.15 
(m, 10H), 1.04 (s, 6H); 13C-NMR (100MHz, CDCl3) δ 206.5, 202.8, 45.8, 43.9, 37.3, 30.1, 29.23, 
29.21, 29.1, 24.2, 22.0, 21.3; IR (neat, cm-1): 1727; MS m/z 212 [M]+, 72 (100%); HRMS (EI) 
calcd. for C13H24O2: 212.1776 [M]
+, found: 212.1771. 
 
第二章 
Representative Procedure for the Oxidative Cleavage of Diols 
A mixture of 4-phenylbut-3-yne-1,2-diol (153e) (33.0 mg, 0.204 mmol) and 1-Me-AZADO (3.4 
mg, 0.0204 mmol) in MeCN (1 mL) and Phosphate buffer (0.5 mL, pH = 6.8) was stirred at 
room temperature. Then NaClO2 (70 mg, 80%, 0.612 mmol in 0.3 mL H2O) and dilute bleach 
(0.15 mL, 0.0204 mmol) were added simultaneously over 30 seconds. The mixture was stirred 
at room temperature for 3 h. It was quenched with phosphate buffer (3 mL, pH = 2.3), added 
NaCl and extracted with CH2Cl2. The organic layer was dried over MgSO4 and concentrated 
under reduced pressure. To the residue was added Et2O and cooled at 0 
oC. Then CH2N2 in Et2O 
was added until yellow color was appeared. The solution was concentrated under reduced 
pressure. The crude materials was purified by flash column chromatography (1 : 1 AcOEt : 
hexane) to give a mixture of methyl 3-phenylpropiolate (155e’) (27.1 mg, 83%) as a desired 








 (153a): pale yellow oil; 1H-NMR (400 MHz, CDCl3): δ 7.38-7.14 
(m, 5H), 3.88-3.57 (m, 2H), 3.57-3.38 (m, 1H), 2.94-2.78 (m, 1H), 2.78-2.62 (m, 1H), 2.30 (br s, 
1H), 2.09 (br s, 1H), 1.90-1.65 (m, 2H); 13C-NMR (100 MHz, CDCl3): δ 141.6, 128.23, 128.20, 
125.7, 71.4, 66.5, 34.4, 31.6; IR (neat, cm-1): 3358, 1038, 699; MS m/z: 166 [M]+, 91 (100%); 
HRMS (EI): Calcd. for C10H14O2: 166.0994 [M]
+, found: 166.0991. 
 
 
2-Hydroxy-4-phenylbutanoic acid (154a): white solid; 1H-NMR (400 MHz, CDCl3): δ 
7.37-7.13 (m, 5H), 4.27 (dd, J = 8.3, 3.9 Hz, 1H), 2.81 (t, J = 8.1 Hz, 2H), 2.28-2.10 (m, 1H), 
2.10-1.94 (m, 1H); 13C-NMR (100 MHz, CDCl3): δ 179.7, 140.7, 128.55, 128.49, 126.2, 69.4, 
35.7, 31.0; IR (neat, cm-1): 3453, 2924, 1722, 695; MS m/z: 180 [M]+, 105 (100%); HRMS (EI): 
Calcd. for C10H12O3: 180.0786 [M]
+
, found: 180.0791. 
 
 
3-Phenylpropanoic acid (155a): white solid; 1H-NMR (400 MHz, CDCl3): δ 7.34-7.27 (m, 2H), 
7.25-7.17 (m, 3H), 2.97 (t, J = 7.7 Hz, 2H), 2.69 (t, J = 7.7 Hz, 2H); 13C-NMR (100 MHz, 
CDCl3): δ 178.7, 140.2, 128.6, 128.3, 126.4, 35.5, 30.6; IR (neat, cm
-1): 3029, 1709, 750, 699; 







 (153b): 1H-NMR 
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(400 MHz, CDCl3): δ 6.01 (dddd, J = 17.1, 9.5, 6.9 Hz, 1H), 5.47 (d, J = 17.1 Hz, 1H), 5.34 (d, 
J = 9.8 Hz, 1H), 4.71 (t, J = 6.9 Hz, 1H), 4.11 (dd, J = 8.5, 6.5 Hz, 1H), 3.85-3.65 (m, 3H), 1.48 
(s, 3H), 1.37 (s, 3H); 13C-NMR (100 MHz, CDCl3): δ 133.7, 118.3, 109.0, 78.5, 78.0, 69.8, 64.2, 
27.6, 25.2; IR (neat, cm-1): 3407, 2987, 1217, 1059; FAB-MS m/z: 189 [M+H]+, 189 (100%); 
HRMS (FAB): Calcd. for C9H17O4: 189.1127 [M+H]
+, found: 189.1127. 
 
 
Methyl (R,R)-2,3,4-trihydroxy-3,4-O-isopropylidene-hex-5-enoate (154b’): 1H-NMR (400 
MHz, CDCl3): δ 5.73 (ddd, J = 17.1, 10.2, 7.3 Hz, 1H), 5.43 (d, J = 17.1 Hz, 1H), 5.31 (d, J = 
10.2 Hz, 1H), 4.76 (dd, J =7.3, 6.3 Hz, 1H), 4.32 (t, J = 6.3 Hz, 1H), 4.30-4.26 (m, 1H), 3.78 (s, 
3H), 2.71 (br s, 1H), 1.52 (s, 3H), 1.38 (s, 3H); 13C-NMR (100 MHz, CDCl3): δ 172.8, 132.9, 
119.0, 109.2, 79.0, 78.7, 70.4, 52.4, 27.1, 25.1; IR (neat, cm-1): 3465, 2988, 1743, 1382, 1063; 






 (155b’): 1H-NMR (400 
MHz, CDCl3): δ 5.73 (ddd, J = 17.1, 10.2, 6.8 Hz, 1H), 5.43 (d, J = 17.1 Hz, 1H), 5.28 (d, J = 
10.2 Hz, 1H), 4.81 (t, J = 6.8 Hz, 1H), 4.70 (d, J = 6.8 Hz, 1H), 3.71 (s, 3H), 1.64 (s, 3H), 1.41 
(s, 3H); 13C-NMR (100 MHz, CDCl3): δ 169.9, 132.1, 119.4, 111.2, 78.7, 77.7, 51.8, 26.9, 25.5; 
IR (neat, cm-1): 2988, 1761, 1205, 1098; ESI-MS m/z: 209 [M+Na]+, 209 (100%); HRMS (ESI): 
Calcd. for C9H14O4Na: 209.0790 [M+Na]






Synthesis of 9,10-dihydroxydecyl benzoate (153c) 
 
 
To a solution of 9-decen-1-ol (S15) (5.00 g, 32.0 mmol) in CH2Cl2 (160 mL) was added 
pyridine (7.80 mL, 96.0 mmol) and DMAP (391 mg, 3.20 mmol). After cooling to 0 °C, BzCl 
(4.80 mL, 41.6 mmol) was added dropwise. The reaction mixture was stirred at room 
temperature for 2 h. The reaction mixture was quenched with NaHCO3 aq. at 0 °C. The solution 
was extracted with AcOEt (three times), and the organic layers were washed with brine, dried 
over MgSO4 and concentrated under reduced pressure. The residue was purified by flash silica 
gel column chromatography (AcOEt:hexane = 1:30 to 1:15) to yield 9-decenyl benzoate (S16) 
(8.31 g, quant.) as a colorless oil; 1H-NMR (400 MHz, CDCl3): δ 8.13-7.97 (m, 2H), 7.63-7.51 
(m, 1H), 7.51-7.38 (m, 2H), 5.81 (ddt, J = 17.1, 10.2, 6.8 Hz, 1H), 4.99 (dd, J = 17.1, 1.5 Hz, 
1H), 4.93 (d, J = 10.2 Hz, 1H), 4.32 (t, J = 6.8 Hz, 2H), 2.04 (q, J = 6.8 Hz, 2H), 1.77 (quint, J 
= 6.8 Hz, 2H), 1.52-1.19 (m, 10H); 13C-NMR (100 MHz, CDCl3): δ 166.7, 139.1, 132.8, 130.5, 
129.5, 128.3, 114.1, 65.1, 33.8, 29.3, 29.2, 29.0, 28.9, 28.7, 26.0; IR (neat, cm-1): 1720, 1273, 




To a solution of 9-decenyl benzoate (S16) (4.00 g, 15.36 mmol) in THF (77 mL) and H2O (15 
mL) was added OsO4 (0.2 M in THF) (2.30 mL, 0.461 mmol) and NMO (3.60 g, 30.7 mmol) at 
0 °C. The reaction mixture was stirred at room temperature for 9 h. The reaction mixture was 
quenched with Na2S2O3 aq. and stirred for 1 h. The solution was extracted with AcOEt (three 
times), and the organic layers were washed with brine, dried over MgSO4 and concentrated 
under reduced pressure. The residue was purified by flash silica gel column chromatography 
(AcOEt:hexane = 1:1 to only AcOEt) to yield 9,10-Dihydroxydecyl benzoate (153c) (4.42 g, 
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98%) as a white solid; 1H-NMR (400 MHz, CDCl3): δ 8.10-8.02 (m, 2H), 7.60-7.53 (m, 1H), 
7.50-7.41 (m, 2H), 4.32 (t, J = 6.8 Hz, 2H), 3.76-3.62 (m, 2H), 3.50-3.39 (m, 1H), 2.03 (d, J = 
4.4 Hz, 1H), 1.89 (t, J = 5.6 Hz, 1H), 1.77 (tt, J = 6.8, 6.8 Hz, 2H), 1.51-1.27 (m, 12H); 
13C-NMR (100 MHz, CDCl3): δ 166.7, 132.8, 130.4, 129.5, 128.3, 72.3, 66.7, 65.1, 33.1, 29.5, 
29.3, 29.1, 28.6, 25.9, 25.4; IR (neat, cm-1): 3391, 2929, 2855, 1719; MS m/z: 294 [M]+, 123 
(100%); HRMS (EI): Calcd. for C17H26O4: 294.1831 [M]
+, found: 294.1822. 
 
 
9-(Benzoyloxy)-2-hydroxy-decanoic acid (154c): 1H-NMR (400 MHz, CDCl3): δ  8.08-7.99 
(m, 2H), 7.61-7.52 (m, 1H), 7.49-7.39 (m, 2H), 4.32 (t, J = 6.8 Hz, 2H), 4.27 (dd, J = 4.3 Hz, 7.2 
Hz, 1H), 1.94-1.80 (m, 1H), 1.77 (tt, J = 6.8 Hz, 6.8 Hz, 2H), 1.72-1.62 (m, 1H), 1.57-1.41 (m, 
4H), 1.41-1.12 (m, 6H); 13C-NMR (100 MHz, CDCl3): δ 179.0, 166.9, 132.8, 130.2, 129.4, 
128.2, 70.2, 65.1, 33.9, 29.1, 29.01, 28.98, 28.5, 25.8, 24.6; IR (neat, cm-1): 3443, 2952, 2913, 
2850, 1725, 1709, 1476, 1454, 1266, 1124, 1091, 845, 714; MS m/z: 309 [M+H]+, 123 (100%); 
HRMS (EI): Calcd. for C17H25O5: 309.1702 [M+H]
+, found: 309.1676. 
 
 
9-(Benzoyloxy)nonanoic acid (155c): 1H-NMR (400 MHz, CDCl3): δ 8.07-8.02 (m, 2H), 
7.58-7.52 (m, 1H), 7.47-7.41 (m, 2H), 4.31 (t, J = 6.8 Hz, 2H), 2.35 (t, J = 7.6 Hz, 2H), 1.77 (tt, 
J = 6.8 Hz, 6.8 Hz, 2H), 1.69-1.59 (m, 2H), 1.50-1.29 (m, 8H); 13C-NMR (100 MHz, CDCl3): δ 
179.9, 166.7, 132.8, 130.5, 129.5, 128.3, 65.1, 34.0, 29.1, 29.0, 28.9, 28.7, 25.9, 24.6; IR (neat, 
cm-1): 3063, 3035, 2932, 2857, 1718; MS m/z: 279 [M+H]+, 123 (100%); HRMS (EI): Calcd. 
for C16H22O4: 279.1596 [M+H]
+, found: 279.1583. 
 
 
9-(Benzoyloxy)-2-oxo-decanoic acid (159c): 1H-NMR (400 MHz, CDCl3): δ 8.07-8.02 (m, 2H), 
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7.59-7.52 (m, 1H), 7.48-7.41 (m, 2H), 4.32 (t, J = 6.8 Hz, 2H), 2.94 (t, J = 7.2 Hz, 2H), 1.77 (tt, 
J = 6.8 Hz, 6.8 Hz, 2H), 1.67 (tt, J = 7.2 Hz, 7.2 Hz, 2H), 1.51-1.25 (m, 8H); 13C-NMR 
(100MHz, CDCl3) δ 195.9, 166.9, 159.7, 132.9, 130.4, 129.5, 128.3, 65.1, 37.4, 29.0, 28.9, 28.7, 
28.6, 25.9, 23.0; IR (neat, cm-1): 3207, 2931, 2856, 1718, 1276, 713; ESI-MS m/z 329 [M+Na]+, 
329 (100%); HRMS (ESI): Calcd. for C17H22O5Na: 329.1359 [M+Na]
+, found: 329.1351. 
 
 
Methyl 9-(benzoyloxy)-2-oxo-decanoate (159c’): 1H-NMR (400MHz, CDCl3) δ 8.08-8.01 (m, 
2H), 7.61-7.52 (m, 1H), 7.48-7.40 (m, 2H), 4.31 (t, J = 6.8 Hz, 2H), 3.87 (s, 3H), 2.84 (t, J = 7.3 
Hz, 2H), 1.77 (tt, J = 6.8 Hz, 6.8 Hz, 2H), 1.70-1.58 (m, 2H), 1.51-1.38 (m, 2H), 1.42-1.28 (m, 
6H); 13C-NMR (100MHz, CDCl3) δ 194.3, 166.6, 161.6, 132.8, 130.5, 129.5, 128.3, 65.0, 52.8, 
39.2, 29.1, 29.0, 28.8, 28.7, 25.9, 22.9; IR (neat, cm-1): 2931, 2856, 1718, 1275, 1114, 1070, 





10-Hydroxy-9-oxo-decyl benzoate (160c): 1H-NMR (400 MHz, CDCl3): δ 8.09-7.98 (m, 2H), 
7.60-7.52 (m, 1H), 7.48-7.39 (m, 2H), 4.31 (t, J = 6.8 Hz, 2H), 4.23 (s, 2H), 3.11 (s, 1H), 2.40 (t, 
J = 7.5 Hz, 2H) 1.76 (tt, J = 6.8 Hz, 6.8 Hz, 2H), 1.70-1.56 (m, 2H), 1.50-1.36 (m, 2H), 
1.42-1.24 (m, 6H) ; 13C-NMR (100 MHz, CDCl3): δ 209.8, 166.7, 132.8, 130.5, 129.5, 128.3, 
68.1, 65.0, 38.4, 29.13, 29.07, 29.0, 28.7, 25.9, 23.6; IR (neat, cm-1): 3479, 2931, 2856, 1716, 
1276, 1116, 714; MS m/z 293 [M+H]+, 105 (100%); HRMS (EI) calcd C17H25O4: 293.1753 
[M+H]+, found: 293.1751. 
 
 
Methyl benzoate (155d’): colorless oil; 1H-NMR (400 MHz, CDCl3): δ 8.08-8.02 (m, 2H), 
7.59-7.52 (m, 1H), 7.48-7.40 (m, 2H), 3.92 (s, 3H); 13C-NMR (100 MHz, CDCl3): δ 167.1, 
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132.9, 130.2, 129.5, 128.3, 52.1; IR (neat, cm-1): 1725, 1278, 711; MS m/z: 136 [M]+, 105 
(100%); HRMS (EI): Calcd. for C8H8O2: 136.0524 [M]





 (153e): 1H-NMR (400 MHz, CDCl3): δ 7.43-7.40 (m, 2H), 
7.32-7.24 (m, 3H), 4.70 (br s, 1H), 3.86-3.75 (m, 2H), 3.62 (s, 1H), 3.26 (br s, 1H); 13C-NMR 
(100 MHz, CDCl3): δ 131.8, 128.6, 128.3, 122.1, 86.5, 86.1, 66.5, 63.7; IR (neat, cm
-1): 3350, 
2962, 1490, 1442, 1070; MS m/z: 162 [M]+, 131 (100%); HRMS (EI): Calcd. for C10H10O2: 
162.0681 [M]+, found: 162.0677.   
 
 
Methyl 3-phenylpropiolate (155e’): 1H-NMR (400 MHz, CDCl3): δ 7.58 (d, J = 7.3 Hz, 2H), 
7.45 (t, J = 7.3 Hz, 1H), 7.37 (t, J = 7.3 Hz, 2H), 7.85 (s, 3H); 
13
C-NMR (100 MHz, CDCl3): δ 
154.4, 132.9, 130.6, 128.5, 119.5, 86.4, 80.3, 52.7; IR (neat, cm-1): 2953, 2227, 1709; MS m/z: 
160 [M]+, 129 (100%); HRMS (EI): Calcd. for C10H8O2: 160.0524 [M]
+, found: 160.0511. 
 




To a solution of 4-phenyl-1-butanol (S17) (8.10 g, 53.9 mmol) and DMN-AZADO (66) (90 mg, 
0.539 mmol) in CH2Cl2 (130 mL) was added sat. NaHCO3 (80 mL) containing KBr (640 mg, 
5.39 mmol). To this vigorously stirred mixture at 0 °C, pre-mixed solution of aqueous NaOCl 
(59.3 mmol) and sat. NaHCO3 (50 mL) was added dropwise for 30 min. After stirring for 30 
min at 0 °C, the reaction mixture was quenched with sat. Na2S2O3. The layers were separated, 
and the aqueous layer was extracted with Et2O (twice). The combined organic layers were 
washed with brine, dried over MgSO4, and concentrated under reduced pressure. The residue 
was used in the next reaction without further purification. To a solution of NaH (60% in oil) 
(2.80 g, 70.1 mmol) in THF (135 mL) was added (EtO)2P(=O)CH2CO2Et (13.9 mL, 70.1 mmol) 
dropwise at 0 °C. After the solution was stirred for 5 min, the crude product in THF (135 mL) 
was added dropwise for 15 min. The reaction mixture was stirred for 5 min at room temperature 
and quenched with sat. NH4Cl at 0 °C. The solution was extracted with Et2O (three times), and 
the organic layers were washed with brine, dried over MgSO4 and concentrated under reduced 
pressure. The residue was used in the next reaction without further purification. To a solution of 
the crude product in toluene (40 mL) was added DIBAL (1.02 M) (140 mL) at -78 °C. After 
stirring for 30 min, the reaction mixture was quenched with 10% NaOH aq. The solution was 
extracted with Et2O (three times), and the organic layers were washed with brine, dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by flash silica gel 
column chromatography (AcOEt:hexane = 1:4) to give (E)-6-phenyl-2-hexen-1-ol (S19) (4.67 g, 
49%) as a colorless oil; 1H-NMR (400 MHz, CDCl3): δ 7.32-7.12 (m, 5H), 5.77-5.60 (m, 2H), 
4.10 (t, J = 5.6 Hz, 2H), 2.63 (t, J = 7.7 Hz, 2H), 2.10 (q, J = 6.8 Hz, 2H), 1.73 (quint, J = 7.7 
Hz, 2H); 13C-NMR (100 MHz, CDCl3): δ 142.2, 132.4, 129.3, 128.3, 128.1, 125.6, 63.4, 35.2, 
31.6, 30.6; IR (neat, cm-1): 3329, 968, 745, 697; MS m/z: 176 [M]+, 104 (100%); HRMS (EI): 
Calcd. for C12H16O: 176.1201 [M]
+, found: 176.1189. 
 
To a solution of DIPT (47.9 mg, 0.204 mmol) and 4Å MS (300 mg) in CH2Cl2 (1.4 mL) was 
added Ti(OiPr)4 (50.4 μl, 0.170 mmol) at -40 °C. After stirring for 30 min, alcohol S19 (300 mg, 
1.70 mmol) in CH2Cl2 (2.0 mL) was added followed by TBHP (1.73 mL, 5.11 mmol) was added. 
The solution was stirred at -20 °C for 1.5 h and quenched with acetone and H2O. The reaction 
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mixture was filtered through Celite®. And then the solution was extracted with Et2O (three 
times), and the organic layers were washed with brine, dried over MgSO4 and concentrated 
under reduced pressure. The residue was purified by flash silica gel column chromatography 
(AcOEt:hexane = 1:3 to 1:2) to give ((2S,3S)-3-(3-phenylpropyl)oxiran-2-yl)methanol (S20) 
(300 mg, 92%, 90% ee) as a pale yellow oil; 1H-NMR (400 MHz, CDCl3): δ 7.33-7.12 (m, 5H), 
3.89 (dd, J = 12.6, 2.9 Hz, 1H), 3.61 (dd, J = 12.6, 4.3 Hz, 1H), 3.01-2.94 (m, 1H), 2.93-2.88 
(m, 1H), 2.67 (t, J = 7.5 Hz, 2H), 1.89-1.68 (m, 2H), 1.68-1.52 (m, 2H); 13C-NMR (100 MHz, 
CDCl3): δ 141.5, 128.00, 127.96, 125.5, 61.5, 58.3, 55.6, 35.1, 30.7, 27.3; IR (neat, cm
-1): 3423, 
745, 698; MS m/z: 174 [M-H2O]
+, 104 (100%); HRMS (EI): Calcd. for C12H14O: 174.1045 
[M-H2O]
+, found: 174.1047. 
 
To a solution of alcohol S20 (300 mg, 1.56 mmol) in MeOH (7.8 mL) was added DTBMP (64.2 
mg, 0.312 mmol) and Eu(OTf)3 (187 mg, 0.312 mmol) at room temperature. The solution was 
stirred for 1.5 h at 70 °C, and quenched with sat. NaHCO3 at 0 °C. After the reaction mixture 
was extracted with CH2Cl2 (three times), the organic layers were dried over Na2SO4 and 
concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (AcOEt:hexane = 1:2 to 1:1) to give 
2-(S)-hydroxy-3-(R)-methoxy-6-phenylhexane-1,2-diol61 (153f) (336 mg, 96%, 90% ee); 
1H-NMR (400 MHz, CDCl3): δ 7.30-7.25 (m, 2H), 7.20-7.16 (m, 3H), 3.73-3.63 (m, 3H), 3.40 
(m, 1H), 3.33-3.29 (m,1H), 2.64 (t, J = 6.8 Hz, 2H), 2.53 (br s, 1H), 2.27 (br s, 1H), 1.80-1.45 
(m, 4H); 13C-NMR (100 MHz, CDCl3): δ 142.0, 128.3(2C), 125.8, 83.3, 72.2, 63.3, 58.5, 36.0, 
29.7, 27.2; IR (neat, cm-1): 3387, 2934; MS m/z: 225 [M+H]+, 131 (100%); HRMS (EI): Calcd. 
for C13H20O3: 224.1412 [M+H]
+, found: 224.1400. 
 
 
Methyl 2-(R)-methoxy-5-phenylpentenoate (155f’): 1H-NMR (400 MHz, CDCl3): δ 7.26 (t, J 
= 7.5 Hz, 2H), 7.19-7.14 (m, 3H), 3.77 (m, 1H), 3.73 (s, 3H), 3.36 (s, 3H), 2.62 (t, J = 7.0 Hz, 
2H), 1.79-1.68 (m, 4H); 13C-NMR (100 MHz, CDCl3): δ 173.1, 141.8, 128.3, 128.2, 125.7, 80.4, 
58.0, 51.7, 35.4, 32.3, 26.8; IR (neat, cm-1): 2951, 1751, 1198, 1125; MS m/z: 222 [M+H]+, 131 
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(100%); HRMS (EI): Calcd. for C13H18O3: 222.1256 [M+H]
+, found: 222.1247. 
 
Synthesis of tert-butyl ((2R, 3R)-1,2-dihydroxy-6-phenylhexan-3-yl)carbamate (153g) 
 
 
To a solution of alcohol S20 (315 mg, 1.64 mmol) in THF (8.2 mL) was added TBAN3 (2.30 g, 
8.2 mmol) and Eu(OTf)3 (1.80 g, 2.46 mmol) at 0 °C. The solution was stirred for 7.5 h at room 
temperature, and quenched with sat. NaHCO3 at 0 °C. After the reaction mixture was extracted 
with CH2Cl2 (three times), the organic layers were dried over Na2SO4 and concentrated under 
reduced pressure. The residue was purified by flash silica gel column chromatography 
(AcOEt:hexane = 1:2) to give mixture containing (2R, 3R)-3-azido-6-phenylhexane-1,2-diol 
(S21) (249 mg). The mixture was used in the next reaction without further purification. To a 
solution of the mixture (32.2 mg) in AcOEt (1.4 mL) was added Pd/C (3.5 mg) and Boc2O (47 
μl, 0.411 mmol). The reaction flask was purged with H2 three times, and then the reaction 
mixture was stirred at room temperature under H2 atmosphere for 1 day. The Pd/C was removed 
by filtration through Celite® and the filtrate was concentrated under reduced pressure. The 
residue was purified by flash silica gel column chromatography (AcOEt:hexane = 1:1) to give 
tert-butyl ((2R, 3R)-1,2-dihydroxy-6-phenylhexan-3-yl)carbamate63 (153g) (26.8 mg, 63%) as a 
white solid; 1H-NMR (400 MHz, CDCl3): δ 7.30-7.25 (m, 2H), 7.19-7.15 (m, 3H), 4.52 (br d, J 
= 8.7 Hz, 1H), 3.69-3.50 (m, 3H), 3.51 (br s, 1H), 3.28 (br s, 1H), 2.81 (br s, 1H), 2.69 (ddd, J = 
14.0, 8.5, 5.8 Hz, 1H), 2.59 (ddd, J = 14.0, 8.3, 6.3 Hz, 1H), 1.98-1.88 (m, 1H), 1.84-1.58 (m, 
2H), 1.44 (s, 9H), 1.44-1.28 (m, 1H); 13C-NMR (100 MHz, CDCl3): δ 157.3, 142.0, 128.4, 128.3, 
125.8, 80.3, 74.6, 62.9, 52.3, 35.6, 30.7, 28.3, 28.0; IR (neat, cm-1): 3358, 2932, 1684, 1170; MS 







(2R,3R)-Methyl 3-((tert-butoxycarbonyl)amino)-2-hydroxy-6-phenylhexanoate (154g’): 
1H-NMR (400 MHz, CDCl3): δ 7.29-7.24 (m, 2H), 7.19-7.14 (m, 3H), 4.74 (br d, J = 9.2 Hz, 
1H), 4.31 (br s, 1H), 4.03 (m, 1H), 3.75 (s, 3H), 3.11 (br d, J = 5.3 Hz, 1H), 2.67 (ddd, J = 14.0, 
8.2, 6.0 Hz, 1H), 2.56 (dt, J = 14.0, 7.8 Hz, 1H), 1.75-1.25 (m, 4H), 1.45 (s, 9H); 13C-NMR (100 
MHz, CDCl3): δ 173.4, 155.8, 141.8, 128.4, 128.3, 125.8, 79.7, 73.3, 52.9, 52.7, 35.2, 28.5, 28.3, 
27.4; IR (neat, cm-1): 3386, 2932, 1736, 1713, 1168; MS m/z: 337 [M]+, 131 (100%); HRMS 
(EI): Calcd. for C18H27NO5: 337.1889 [M]





 (155g’): 1H-NMR (400 
MHz, CDCl3): δ 7.30-7.25 (m, 2H), 7.20-7.14 (m, 3H), 4.98 (br d, J = 8.2 Hz, 1H), 4.34 (m, 1H), 
3.72 (s, 3H), 2.67-2.56 (m, 2H), 1.87-1.60 (m, 4H), 1.44 (s, 9H); 13C-NMR (100 MHz, CDCl3): 
δ 173.3, 155.3, 141.6, 128.3 (2C), 125.9, 79.8, 53.2, 52.2, 35.3, 32.3, 28.3, 27.0; IR (neat, cm-1): 
3364, 2932, 1745, 1714, 1166; MS m/z: 307 [M]+, 251 (100%); HRMS (EI): Calcd. for 
C17H25NO4: 307.1784 [M]





 (153h): 1H-NMR (400 MHz, CDCl3): δ 
7.37-7.26 (m, 5H), 5.11 (s, 1H), 4.86 (dd, J = 5.8, 3.9 Hz, 1H), 4.66 (d, J = 5.8 Hz, 1H), 4.62 (d, 
J = 12.1 Hz, 1H), 4.50 (d, J = 12.1 Hz, 1H), 4.03-4.00 (m, 1H), 3.96 (dd, J = 8.0, 3.9 Hz, 1H), 
3.82 (dd, J = 11.3, 3.2 Hz, 1H), 3.67 (dd, J = 11.3, 5.5 Hz, 1H), 1.47 (s, 3H), 1.32 (s, 3H); 
114 
 
13C-NMR (100 MHz, CDCl3): δ 137.3, 128.4, 128.0, 127.9, 112.7, 105.5, 84.8, 80.1, 79.3, 70.3, 
69.2, 64.4, 25.9, 24.6; IR (neat, cm-1): 3435, 2939, 1375, 1089, 1019; MS m/z: 310 [M]+, 91 
(100%); HRMS (EI): Calcd. for C16H22O6: 310.1416 [M]
+, found: 310.1411. 
 
 
Benzyl 2,3-O-isopropylidene-α-D-mannofuranosid uronic acid (154h): 1H-NMR (400MHz, 
CDCl3) δ 7.40-7.27 (m, 5H), 5.21 (s,1H), 4.93 (dd, 3.4Hz, 5.3Hz, 1H), 4.70 (d, 5.3Hz, 1H), 4.68 
(d, 11.6 Hz, 1H), 4.60 (d, 5.3 Hz, 1H), 4.51 (d, 11.6Hz, 1H), 4.33 (t, 3.4 Hz, 1H), 1.52 (s, 3H), 
1.34 (s, 3H); 13C-NMR (100MHz, CDCl3) δ 174.1, 136.7, 128.5, 128.04, 127.99, 113.3, 105.5, 
84.8, 80.2, 78.4, 69.4 (2C), 25.5, 24.1; IR (neat, cm-1): 3419, 2965, 1743, 1726, 1377, 1271, 
1212, 1073, 1025, 861, 733, 665; MS m/z 309 [M-CH3]
+, 91 (100%); HRMS (EI) Calcd. for 
C15H17O7: 309.0974 [M-CH3]
+, found: 309.0969. 
 
 
Methyl (benzyl 2,3-O-isopropylidene-α-D-mannofuranosid)uronate (154h’): 1H-NMR (400 
MHz, CDCl3): δ 7.37-7.26 (m, 5H), 5.19 (s, 1H), 4.88 (dd, J = 5.9, 3.6 Hz, 1H), 4.65 (d, J = 
11.5 Hz, 1H), 4.65 (d, J = 5.9 Hz, 1H), 4.58 (dd, J = 8.7, 6.7 Hz, 1H), 4.49 (d, J = 11.5 Hz, 1H), 
4.17 (dd, J = 6.7, 3.6 Hz, 1H), 3.85 (s, 3H), 3.42 (d, J = 8.7 Hz, 1H), 1.50 (s, 3H), 1.32 (s, 3H); 
13C-NMR (100 MHz, CDCl3): δ 173.0, 137.0, 128.5, 128.0, 127.9, 113.0, 105.5, 84.8, 80.3, 78.8, 
69.9, 69.2, 52.6, 25.8, 24.4; IR (neat, cm-1): 3472, 2951, 1743, 1085; FAB-MS m/z: 339 [M+H]+, 
91 (100%); HRMS (FAB): Calcd. for C17H22O7: 339.1444 [M+H]









 (155h’): 1H-NMR (400 
MHz, CDCl3): δ 7.37-7.26 (m, 5H), 5.28 (s, 1H), 5.02 (dd, J = 5.4, 4.6 Hz, 1H), 4.71 (d, J = 
11.8 Hz, 1H), 4.68-4.65 (m, 2H), 4.51 (d, J = 11.8 Hz, 1H), 3.83 (s, 3H), 1.44 (s, 3H), 1.30 (s, 
3H); 13C-NMR (100 MHz, CDCl3): δ 167.8, 136.9, 128.5, 128.0, 127.9, 113.3, 105.6, 84.1, 80.6, 
79.7, 69.3, 52.2, 25.9, 25.0; IR (neat, cm-1): 2952, 1765, 1738; FAB-MS m/z: 309 [M+H]+, 91 
(100%); HRMS (FAB): Calcd. for C16H20O6: 309.1338 [M+H]
+, found: 309.1337. 
 
 
Methyl 2-(benzyl 2,3-O-isopropylidene-α-D-mannofuranosid)oxirane uronate (161h’): 
1H-NMR (400 MHz, CDCl3): δ 7.39-7.27 (m, 5H), 5.18 (s, 1H), 5.06 (dd, J = 4.3 Hz, 5.8 Hz, 
1H), 4.79 (d, J = 4.3 Hz, 1H), 4.65 (d, J = 5.8 Hz, 1H), 4.64 (d, J = 11.9 Hz, 1H), 4.48 (d, J = 
11.9 Hz, 1H), 3.81 (s, 3H), 3.05 (d, J = 7.1 Hz, 1H), 2.93 (d, J = 7.1 Hz, 1H), 1.53 (s, 3H), 1.29 
(s, 3H); 13C-NMR (100 MHz, CDCl3): δ 169.8, 137.0, 128.4, 128.0, 127.9, 113.2, 104.2, 84.0, 
79.4, 76.2, 69.2, 54.5, 52.6, 47.7, 25.6, 24.7; IR (neat, cm-1): 2939, 1760, 1734, 1084, 1035; 
ESI-MS m/z 373 [M+Na]+, 373 (100%); HRMS (ESI): Calcd. for C18H22O7Na: 373.1258 




l (153i): 1H-NMR (400 MHz, CDCl3): δ 5.82 (dddd, J = 17.0, 12.5, 6.8, 6.8 Hz, 1H), 5.10-5.01 
(m, 2H), 3.82-3.68 (m, 2H), 3.64-3.56 (m, 1H), 3.46 (ddd, J = 12.6, 5.1, 2.1 Hz, 1H), 3.36 (s, 
3H), 3.01 (dd, J = 11.1, 2.2 Hz, 1H), 2.89 (dd, J = 11.1, 4.4 Hz, 1H), 2.53 (br s, 1H), 2.36 (br s, 
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1H), 2.25 (dd, J = 13.2, 6.8 Hz, 1H), 2.15-2.05 (m, 1H), 2.01 (ddd, J = 12.6, 4.4, 2.4 Hz, 1H), 
1.42-1.31 (m, 1H), 0.95 (s, 3H), 0.92 (s, 3H); 13C-NMR (100 MHz, CDCl3): δ 136.3, 116.3, 84.7, 
84.2, 78.5, 73.3, 63.9, 57.2, 38.9, 33.4, 28.6, 22.4, 13.2; IR (neat, cm-1): 3404, 2973, 2936, 2878, 






l)hydroxylacetate (154i’): 1H-NMR (400 MHz, CDCl3): δ 5.92-5.80 (m, 1H), 5.04 (d, J = 18.4 
Hz, 1H), 5.00 (d, J = 10.6 Hz, 1H), 4.22 (m, 1H), 3.80 (s, 3H), 3.58 (ddd, J = 12.1, 3.8, 2.4 Hz, 
1H), 3.35 (s, 3H), 2.98 (dd, J = 9.2, 2.9 Hz, 1H), 2.94 (d, J = 6.8 Hz, 1H), 2.88 (d, J = 11.6, 4.6 
Hz, 1H), 2.19-2.20 (m, 2H), 1.84 (ddd, J = 12.4, 4.6, 2.4 Hz, 1H), 1.59 (q, J = 12.1 Hz, 1H), 
0.93 (s, 3H), 0.81 (s, 3H); 13C-NMR (100 MHz, CDCl3): δ 172.7, 136.5, 115.8, 84.6, 84.5, 77.5, 
73.3, 57.2, 52.4, 38.8, 33.3, 27.1, 22.3, 13.1; IR (neat, cm-1): 3472, 2951, 1743, 1085; FAB-MS 






(155i’): 1H-NMR (400 MHz, CDCl3): δ 5.99-5.87 (m, 1H), 5.08 (ddd, J = 17.0, 3.4, 1.6 Hz, 1H), 
5.05-5.00 (m, 1H), 3.97 (dd, J = 12.4, 2.8 Hz, 1H), 3.76 (s, 3H), 3.37 (s, 3H), 3.01 (dd, J = 9.4, 
3.0 Hz, 1H), 2.91 (dd, J = 11.6, 4.8 Hz, 1H), 2.35-2.19 (m, 3H), 1.63-1.51 (m, 1H), 0.95 (s, 3H), 
0.88 (s, 3H); 13C-NMR (100 MHz, CDCl3): δ 171.3, 136.5, 116.0, 85.1, 84.5, 75.3, 57.2, 52.2, 
38.8, 33.4, 29.5, 22.4, 13.2; IR (neat, cm-1): 3076, 2975, 2827, 1761, 1742, 1642; MS m/z: 242 
[M]+, 85 (100%); HRMS (EI): Calcd. for C13H22O4: 242.1518 [M]







 (153j): 1H-NMR (600 
MHz, CDCl3): mixture of rotamers δ 4.26-4.16 (m, 1H), 3.95 (br s, 1H), 3.77-3.63 (m, 1H), 
3.56-3.46 (m, 1H), 3.06-2.57 (m, 2H), 1.70-1.57 (m, 4H), 1.47 (s, 9H) 1.45-1.43 (m, 1H); 
13C-NMR (150 MHz, CDCl3): mixture of rotamers δ 157.4, 80.2, 71.5, 64.4, 52.1, 40.9, 28.4, 
25.9, 25.0, 19.7; IR (neat, cm-1): 3415, 2933, 2873, 1662; MS m/z: 246 [M+H]+, 128 (100%); 
HRMS (EI): Calcd. for C12H24O4N: 246.1705 [M+H]





 (155j’): 1H-NMR (600 MHz, 
CDCl3): mixture of rotamers δ 4.88 (br s, 0.5H), 4.71 (br s, 0.5H), 4.07-3.96 (m, 0.5H), 
3.96-3.85 (m, 0.5H), 3.71 (s, 3H), 3.02-2.90 (m, 0.5H), 2.90-2.79 (m, 0.5H), 2.18 (br s, 1H),  
1.71-1.55 (m, 3H), 1.51-1.33 (m, 10H), 1.27-1.16 (m, 1H); 
13
C-NMR (150 MHz, CDCl3): 
mixture of rotamers δ 172.6, 172.4, 156.0, 155.5, 80.0, 55.0, 53.8, 52.0, 42.1, 41.1, 28.4, 26.8, 
24.9, 24.6, 20.9, 20.7; IR (neat, cm-1): 2977, 2942, 2862, 1746, 1698; MS m/z: 243 [M]+, 128 
(100%); HRMS (EI): Calcd. for C12H21O4N: 243.1471 [M]





 (153l): white solid; 1H-NMR (400 MHz, CDCl3): 
δ 4.24-4.17 (m, 2H), 4.15-4.09 (m, 2H), 4.00-3.94 (m, 2H), 3.75 (dd, J = 6.3, 6.3 Hz, 2H), 2.66 
(br d, J = 6.3 Hz, 2H), 1.71-1.52 (m, 20H); 13C-NMR (100 MHz, CDCl3): δ 109.9, 75.6, 71.2, 
66.4, 36.4, 34.7, 25.0, 24.0, 23.7; IR (neat, cm-1): 3295, 2935, 2852; MS m/z: 342 [M]+, 201 
(100%); HRMS (EI): Calcd. for C18H30O6: 342.2042 [M]
+, found: 342.2048. 
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Synthesis of 6-phenylhexane-1,2,3-triol (156) 
 
 
To a solution of alcohol S19 (175 mg, 0.993 mmol) in tBuOH (3.0 mL) and H2O (3.0 mL) was 
added AD-mix- (1.67 g) at room temperature. After stirring for 14 h, the solution was diluted 
with Na2CO3 aq., quenched with Na2SO3 aq. at 0 °C, and stirred for 10 min. The reaction 
mixture was extracted with CH2Cl2 (three times), and the organic layers were dried over Na2SO4 
and concentrated under reduced pressure. The residue was purified by flash silica gel column 
chromatography (AcOEt:hexane = 1:1 to MeOH:CHCl3 = 1:9) to give 
(2S,3S)-6-phenylhexane-1,2,3-triol (156) (150 mg, 72%) as a pale yellow oil; 1H-NMR (400 
MHz, CDCl3): δ 7.30-7.26 (m, 2H), 7.20-7.15 (m, 3H), 3.74 (m, 1H), 3.68 (br s, 2H), 3.53 (br s, 
1H), 2.80-2.60 (m, 2H), 2.40-2.20 (m, 2H) 1.80-1.50 (m, 2H) 1.60-1.50 (m, 2H); 13C-NMR (100 
MHz, CDCl3): δ 142.1, 128.40, 128.36, 125.8, 73.4, 72.6, 65.0, 35.7, 33.3, 27.3; IR (neat, cm
-1): 
3373, 2938, 1080; MS m/z: 210 [M]+, 104 (100%); HRMS (EI): Calcd. for C12H18O3: 210.1256 
[M]+, found: 210.1257. 
 
Synthesis of 7-phenylheptane-1,2,3,4-tetraol (158) 
 
 
To a solution of alcohol S19 (231 mg, 1.31 mmol) in CH2Cl2 (2.7 mL) was added MnO2 (1.10 
g) at room temperature. After stirring for 1.5 h, the solution was filtered through Celite®. The 
filtrate was concentrated under reduced pressure. The residue was used in the next reaction 
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without further purification. To a solution of the Ph3PCH2Br (659 mg, 1.83 mmol) in THF (8.1 
mL) was added nBuLi (1.6 M in hexane) (1.0 mL) at 0 °C. After stirring for 15 min, THF (5.0 
mL) solution containing the corresponding aldehyde was added dropwise to the prepared 
solution, and the reaction mixture was stirred for 10 min. Then the reaction mixture was 
quenched with H2O, and extracted with CH2Cl2 (twice). The organic layers were dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by flash silica gel 
column chromatography (only hexane) to give mixture containing 
(E)-4,6-heptadien-1-ylbenzene (S22). The residue was used in the next reaction without further 
purification. To a solution of the mixture in THF (13 mL) and H2O (1.3 mL) was added OsO4 
(0.20 M in THF) (133 μl, 0.026 mmol) and NMO (461 mg, 3.93 mmol) at 0 °C. After stirring at 
room temperature for 17 h, the solution was quenched with sat. NaHCO3 and Na2S2O3 aq. at 
0 °C and stirred for 30 min. The reaction mixture was extracted with CHCl3 (four times). The 
organic layers were dried over Na2SO4 and concentrated under reduced pressure. The residue 
was purified by flash silica gel column chromatography (MeOH:CHCl3 = 1:19) to give 
7-phenylheptane-1,2,3,4-tetraol (158) (70.0 mg, 22%); 1H-NMR (400 MHz, CD3OD): δ 
7.25-7.10 (m, 5H), 3.80-3.55 (m, 4H), 3.42 (t, J = 4.0 Hz, 0.4H), 3.35-3.30 (m, 0.6H), 2.73-2.55 
(m, 2H), 1.88-1.50 (m, 4H); 13C-NMR (100 MHz, CD3OD): δ 143.8, 129.5, 129.3, 126.7, 74.6, 
74.4, 74.0, 73.3, 73.2, 71.3, 65.1, 64.4, 36.93, 36.91, 34.3, 34.1, 29.2, 28.9; IR (neat, cm-1): 3390, 
1636, 1090; MS m/z: 222 [M-H2O]
+, 104 (100%); HRMS (EI): Calcd. for C13H18O3: 222.1256 
[M-H2O]
+, found: 222.1239. 
 
 
4-Phenylbutanoic acid (157): white solid; 1H-NMR (400 MHz, CDCl3): δ 7.36-7.11 (m, 5H), 
2.68 (t, J = 7.2 Hz, 2H), 2.38 (t, J = 7.2 Hz, 2H), 1.97 (quint, J = 7.2 Hz, 2H); 13C-NMR (100 
MHz, CDCl3): δ 179.9, 141.2, 128.5, 128.4, 126.0, 35.0, 33.3, 26.2; IR (neat, cm
-1): 3027, 1708, 
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